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REPORT ON FIELD TESTS OF CONCRETE 


USED ON CONSTRUCTION WORK®* he 


SUBMITTED TO THE JOINT COMMITTEE ON 


FOR CONCRETE AND REINFORCED CONCRETE 


A. M. Am. Soc. C. E., anp Stanton Ese. 


‘This report gives ; the results of a series of field tests sponsored by the J oint 7 
Committee on Standard Specifications for Concrete and Reinforced — 


and made under the auspices of a J oint Committee of Contractors (on which 
the Associated General Contractors of America represented) with the 
ne of determining w ecommendations of the Joint ‘Committee 
1 Standard Specifications for Concrete and Reinforced Concrete were 
especially as regards the | provisions for the control of the quality 


wa During t the summer of 1923 tests were made | on the concrete used i in al 
eonstruction: of Building No. 10 of the Victor ‘Talking Machine Company, 7 


Camden, N. J. , through the co- -operation of the | owner and of Stone acl 


suction of the piers of the Newark Bay Bridge of the Central Railroad of 


New J ersey through the c0- ‘operation of the Railroad Company. _ Aen 


va Ten series of tests were conducted at both Projects, to obtain information | 


Series 1.—Uniformity of workability, or consistency, of concrete. 


Series 4 8 3.—Relation, of strength of 1 field 1 specimens to ‘that of specimens 


4.—Design of concrete mixtures. 
5 —Comparison of ‘field- made and laboratory -made ‘specimens. 


Series —Comparison of different lots of cement during the 
Series 7 7.—Effect of condition of curing 
Maas This report is a part of the Report of the Joint Committee on Standard Specifications 
aw Dutrete and Reinforced Concrete (Proceedings, Am. Soc. C. E., October, 1924, Papers 
Pp. 1153), and will be published as an Appendix to that report when it is 
Direetor of Tests; Ener. Physicist, Ss. Bureau | of Standards, “Washington, D. 
Res. Testing Engr, ; 
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8.—Effect of time between mixing and 8 
concrete, 


‘Series 9. —Effect of exposing specimens to low temperatures. — 


~ Series 10.—Effect of time of mixing on the strength of concrete. E 
Aggregates of washed sand and gravel were used i in the construction both 


at Camden 1d Newark Bay. The plant at Camden was: not designed to 

great accuracy measuring the aggregates, which were measured 

= 7 = in a metal charging hopper. At Newark Bay, - the aggregates were 


measured in adjustable Blaw- Knox “batchers” designed to give uniform 
Ransome mixers of 1 cu. capacity were at both jobs. 


a slump of 8 to 4 in. of the concrete ¥ was, a mix 


of about 3 to 4-in. . slump. “Some 


re Tests were made on batches of concrete sampled hourly during the progress 
of the work. In addition to making 6 by 12-in. cylinders, the workability. or con: 


a. . - sistency of the concrete was measured both by the slump and the flow tests. . The 
a quantity: of mixing water, the moisture in the aggregate, and the sieve analyses 
the aggregat ate were determined for each batch The cylinders 


Were tested at 7 days, 28 ‘days, 3 months, and 1 year. The cement was tested 
_ frequently; field and laboratory specimens were compared; and the effect of the 
: « curing, | time of mixing, method of of sampling, ete., , were studied. _ The ‘strength 
7 of the test cylinders was compared with that of the concrete of the structure, 
specimens cut from special test slabs and columns being used = 

following are the principal results of the tests: he 


Lathe grand average of the 28- “day strengths of in the two 


Newark B Bay... ff 72.4 :3.6 concrete. .. per sq. in 
1% ia 2.—About to 80% of all 28- day specimens for. ‘different classes of 
concrete gave strengths v within 20% of ‘the grand average. 
Se —The average strengths for : the different 1 mixes were found to be from 10 
to 20% greater than the requirements assumed in the design of the structures. 
Only about 5% or less of the specimens gave strengths less than 80% of the 
; —The grand a averages of the eoncrete strengths were from 10 to “60% 
higher than White exponent) is the water ratio. 4 


5.—The gr: grand averages of the concrete strengths for the different mixtures 


were within 15% of —=—, in which is the exponent of the water ratio. 


dnl 


2 “4 6.—The maximum variations of the daily averages of strength at noone 
all 
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‘REPORT ow FIELD TESTS OF CONCRETE 


37% below and 12% above for the 1:1: 2 concrete. Corresponding values for 


the 1: 2.4 :3.6 and the 1:2: 8 concrete tested at Newark Bay were from 41% : 


below to 30% above and from 1% below to 18% a above, respectively. 


results: of the slump and the flow tests varied considerably. ‘The 


slump test seemed to be more reliable at slumps of 6 to 8 in . than for lower 
slumps. The slump test and the flow test eee to be of about it equal value 


for measuring the workability of the concrete. 
—For laboratory b batches, and for ‘the field batches in which the 
quantity of was varied systematically, a definite relation was 
between the stren i nt the slump (or the flow). For the routine field batches _ 


in which the aim was to maintain ¢ constant ; quantities of of water, » NO st such definite 7 - 


ng a 
st of 
‘mix 


relation was apparent. ~The indication i is that the slump test should be con- 
sidered as a measurement of workability and not as a criterion for strength, : 


unless much move accurate methods of : f measuring materials are employed than 
‘con 9—The quantity of water added in the mixer varied considerably from 

‘The to bateh, This seems toh have been due to a variation i in 2 the quantities 
lyses. of aggregate in | the ‘batch more than to the percentage of moisture in the 

ested 10. —The moisture content of the aggregate was fairly uniform for con- 


f the siderable periods of time. The variation of moisture e during day, for both 
sngth sand and gravel, was not more than 13. to 2% of the of 


—The grading of the aggregate showed a satisfactory uniformity; the 


uniformity in concrete probably would not have been greatly affected by 


e two greater uniformity of grading of aggregate. 
19, —With the slump a and the quantity « of cement ‘maintained constant, the = | 
* strength increased with an increase in fineness modulus up to the point beyond | - - 
“— which | the ¢ concrete was no es workable, due to the prema: of too little fine fine a 


13. —In the strengths at 28 days and of 

ses of cured i in damp sand, were about equal to or slightly greater than the al otf 

«BR ofs specimens cut from te test slabs and columns which had stood i in the building a 

om 10 with no treatment « other than. that to which the building itself was subjected. 7 

tures. The moulded cylinders were made from the same batches as the cores. masts). 

| those in laboratory: for he same mixture and slumps, a and 

15.—The Camden tests, in which fairly wet conerete was: used, showed no 

consistent variation in strength of concrete with variation i in time of - mixing i 

ixtures for periods of 15 sec. to 5 min. At Newark Bay, where a dryer concrete was 

Yr Used, the strength at 28 days was increased on an average about 170 Ib Ib. per 

—Conerete which had stood in the forms for periods up to 1 hour 

moulding into test specimens showed strengths about 380% greater than cot 

of specimens from the same batch made at the t time the concrete. was placed 
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REPORT ON ¥IRLD TESTS OF CONCRETE 

in the form. Similar results were found specimens taken from 

10n ™ 


which had stood in a water-tight box protected from evaporation losses. 


 17.—Different lots of cement of the same brand, taken from the: job and and re 


aa in the laboratory showed essen ntially the same strengths in concrete, the de 
_ Bamples from two brands of cement gave strengths differing by about 2 25% at SEN 
s days, 20% at 28 days, and 5% at 3 months. This difference was not found : 


- in the field tests as it probably was overshadowed by the effect of variations in 


bn —Cylinders of 1:2: :4 ‘concrete cured i in air on the building at Camden 
7 during June and J uly showed strengths: at 28 days about 80% of the strengths . ‘i 


of cylinders from the same batch cured in damp sand. To ait 
19. —For the 1:2:4 field concrete at Camden and similar laboratory con sia 


crete at the Bureau of Standards, the strength at 7 days” was about 1 000 bb. me 
>. per sq. in., and at 28 days and 8 months approximately twice and three times Ww. 


as great. 1:2 2 concrete at Camden and ‘the concrete at Newark Bay Standa 


7 _ gave higher ¥ day y strengths but smaller proportionate increases in strength at the Str 


water “measuring device is necessary in order to maintain April 1 


a uniform workability, but such a device must be capable of ready adjustment tests fr 
— to > differences i in eee of water due to the variation in the moisture § quentl; 
-Greater accuracy of measuring “quantities of materials on t ‘the work  Cemen: 


than is now generally secured, is the feature which seems to be most worthy 


In so far as ‘general results| may be predicted fron m these tests, they 


indicate that it is possible to meet requirements based on the Tables | of Pro- 
‘portions as contained in the report of the Joint Committee* or on “average 


strengths shown by preliminary laboratory tests of specimens using materials 
from the job under consideration. This assumes that a to tolerance ¥ which permits | 
about 10% of of the ‘strengths to fall below —_ of the average strength is 


1—Purpose of Tests—The purpose of the tests was to determine 


practicability of the recommendations of the Joint Committee on Standarl 


ecu 
Zz desired strength ‘under field conditions, with particular reference to the 


alternative section under -“Proportioning- and Mixing”, in the Tentative 

7 Specifications adopted by the “Ji oint Committee i in J une, 1921, + which specified 

~ eonerete on the basis of strength. A program 0 of tests was first outlined by te 

Joint Committee and, later, modifications were nn as a result of emrer ge 
with the Joint Committee of Contractors, = = = | 


. The aim was to make these investigations aoe the results obtained we 


ee good | construction methods are maintained, but where no unusual refinement! ‘chine ( 


Proceedings, Am. Soc. C. October, 1924, pp. 1279-1282, 


int Proceedings. Am, Soc, C, B., August, 1921, p. 74. 
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REPORT ON FIELD TESTS OF CONCRETE 
are vinnie, yd Therefore, it was agreed at the outset that so. far as 
tion was concerned, the function of the testing engineers was that of observing — 


and recording 1 the quantities o of materials that went into ‘the batches after 
the desired proportions had been agreed upon. They did not deal with inac- 
curacies of measurement of material from batch to batch, except to make a - 
2—Organization— —The organizations s which "participated in both the 

Joint Committee on Standard for Concrete and Rein- 


| worse, Uh S. Department of Commerce (Bureau of Standards) ae 


‘Structural Materials Research Laboratory, Lewis ‘Institute. 
ait, W. A. Slater, M Soc. E., Engineer- Physicist | of the Bureau 
Standards, was Director of Tests, and ‘Stanton Walker, Associate Engineer of 
the Structural Materials Research Laboratory, was Resident Testing Engineer. 


Mr. Walker and “his assistants were on . the Camden tests continuously from — 


April 16 until the | latter part of J uly, 1923, and at the site of the Newark Bay - 
tests from October 1 to December 20, 1923. Mr. Slater visited the work fre- 
quently while the tests were in progress. 

principal ‘expenses of the investigations borne by the Portland 
pclae Association and the Joint Committee of Contractors. For valuable 
operation in carrying out the tests, is made to: 


Municipal of Philadelphia; FB. Lysle in charge. 
(2) Department of ‘Highways, Commonwealth of Pennsylvania 
Mattimere; Assoc. M. ‘Am. Soe. C. E., Engi gineer of Test, 


— ‘Stone and Webster, Inc.; George E. Chamberlin, Assoc. M. Am. Soe. a n 


| E., District Engineer, and W. Ww. J Joyce, Superintendent « of Con- 


7 (5) Central Railroad of New Jersey; A. E. Owen, M. Am. Soc. Oo. z 
Chief Engineer, J. J. Yates, M. Am, Soe. C. E., ‘Bridge ‘Engineer, — 


and H. FE. “Van Ness, Assoc. M. So oc. pe. O. Construction 


Columbia University A. H. Beyer, M. Am. Soc. ©. E., Directo r 
Fe. Testing, ¢ and W. J. Krefeld, Assoc. M. Am. Soe. ©. E., oe 


=F 


Assistant ‘Testing Engineers i in 1 the field. Yaa 
© Henry Steers, Inc.; William D. Malcolm, "Assoc. Am. Soe. 


 8—Camden Tests.—The tests were peer” out on the Victor Talking Ma- ; 


ching Company’ s Building No. 10, at Camden, N. reinforced concrete = 
lah structure about 425 ft. long, from 70 to 90 ft. olde; and. eight stories high. 
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nstruction ‘involved the ‘placing of about 12000 cu. y ‘concrete, 
Stone and Webster, Ine,, were the scented and contractors. A general view 


There ¥ were two mixing plants Ransome m mixers of 1 cu. vd 


capacity. . The aggregate was fed to the mixer from overhead bins. The 
=e "concrete was was raised by hoisting towers to the working level and dumped into. 

hoppers from which it was wheeled in buggies. he general the tests were con: 


Test spe specimens were made during: the period frown April : 25 to July 16, 1928, 

4.—N ewark Bay Tests. —The tests were made during the yn. of 

~piers” for the four- track bridge of the Central Railroad of New J ersey across 

| Newark Bay between Bayonne and Elizabeth, N. J. be ~The piers are from 8 

= <q 47 ft. long, 223 ft. wide at the bottom, and 50 to 55 ft. high. Each pier 
required about 750 cu. yd. of concrete. ‘The caissons consisted ‘of wooden side 

al walls attached to precast reinforced concrete bottoms. They were fi floated into 

4 position and sunk on the the piles. - Within the caissons the piers were constructed 

in _ wooden forms to a | point t 2 ft. below low-water level. Above this elevation, 
a granite facing wall was built a around the edge of the pier to a height 9 ft. 
above 2 high v water. ‘The wall, which was 8 ft. high and 24 in . thick, served as 


a form to complete the concrete pier" base. ‘The pier shaft was extended 
23 ft. in wooden forms. J rt 


‘Knox “batchers” with strike- off constructed sO hat 
j the capacity could be adjusted. ' The concrete was hoisted by means. of a tower 
a from which it was chuted a about 70 ft. at a-minimum slope of 1 on 2.8 into 


a flexible , spout ¢ consisting of ‘short. conical sections 9 in. in bottom ‘diameter. q 
The length of the spout was varied from about 20 ft. to 2 ft., so the free end 
. was within a fe few inches of the surface of the e concrete when depositing was in 


7 Tens series of tests were made. .” Following i is a brief summary of the aims 
and scope of each series. Unless. otherwise noted, similar tests were conducted 
| 


both at Camden and Newark Bay, | 


— i Uniformity of Consistency. —Series 1 was a study of the range of con- 


throughout the work. pi Hourly s slump and flow tests made. The 


ncipal data oN ey ere = flow tests are given in Tables 2 to 5, and Figs. 


. of concrete the work. At Camden, three 6 by 12 -in, con 
rete cylinders were made each hour to be tested after 28 days. For about 


5% of ‘the batches ‘sampled, six specimens ‘were made each bateh, one 


to be tested at 7 days, three at 28 days, one at 3 ‘months, and one at 1 year 


The tests at ~trrg ed were e similar, except that three cylinders be use 
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cTOR TALKING MACHINE COMPANY, CAMDEN, N. J., LOOKING SOUTHWEST. 
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1.—REcorD MANUFACTURING BUILDIN 
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REPORT | ON FIELD CONCRETE 


for testing 7 days w were e made from all the sampled. The principal 
results of these | tests are given in Tables 2 to 7, and Figs. 4, 12, 14, and a 
Relation of Field-Test Specimens to Specimens Cut from Structure. 
Series 3 was: designed to show the relation of the strength of moulded field 


cylinders to the strength of specimens cut from concrete slabs and columns 


«At Camden, nine slabs, 3 by? 5 ft. by 8 8 in., "were tenia: three on each of _ 


three ee floors. ‘Nine cores, 44 in. in diameter, were cut from each slab at about 

98 days” to be tested, three at 28 days, three at 3 months, and three at 1 year. —_ 
About fifteen 68-1 in. cores were al also cut from the same slabs for comparison — 

with the. 42-in. cores. At Newark Bay, only six ‘slabs were made. They ‘were 
12 in. thick instead of 8 in.; 68-in. cores were cut from them. Results of these 
tests are given in Tables 8 and 9 and Fig. 19. The cores were cut by the zi 
Department of Highways, ‘Commonwealth of Pennsylvania. | ‘Fig. 2 shows the 


Two test columns, each: 10 ft. _ long, were made during the casting: of one 


foor for the Camden tests, one being 12 in. in diameter and the other 12 in. 


square. Four sawed from the round column, and four ] prisms 
from the square column for testing at 28 days. Data of these tests are given 


in Table 10 and Fig. 20. Fig. 3 is a photograph of the ‘columns s. No test 


— 8—Design of Concrete Mix.— —Series 4 _ was intended to be a study of con- 
crete designed i in the light of recent researches to produce a specific strength. a 


“ff At Camden it was ‘found | that the materials were being used in approxi- 


mately the most economical proportions and, therefore, no were neces-_ 
sary i in order to obtain the desired information. — 7 To show the effect on the 


concrete strength of varying proportions of sand and g gravel, the mix was 
altered j in a few batches. . Tests were made for Ww which the proportion of sand i in 
the : aggregate was, successively, 50, 40, 35, 30, and 25 per cent. Parallel tests 
were made, using batches mixed by hand in the. field laboratory. The — _ 


$ i these tests are given in Tables 11 and 12, and Figs. 15 and 16. pridrge i 
aie Newark Bay, where the cement content was specified, the design of the 


consisted i in proportioning 1 the materials. to obtain. the greatest strength 
for the specified quantity of cement, instead of determining the quantity of 


‘cement for a specified strength. bay Throughout the investigation the ratio 


volume of cement to the loose volumes of ‘the fir fine and coarse aggregates _ 


Measured separately, was kept as required by. the specifications, wih the pro- 
portion of ‘sand t to gravel was varied to give the necessary workability and as_ 


Comparison of” Field-Made and Laboratory- Made —Series 


° was a comparison o of the strength of test pieces from the job with that of 


imilar specimens made: in the laboratory. . The tests were made at Camden 


4 
only, Batches were made i in the field from 1:3: 6, 1:2: 4,1:1. 5: : and 


{ 1:1:2 mixes for a wide range in slump. _ Samples of the job ‘materials: were 
shipped to the U. Bureau of Standards where these proportions and slumps 


‘vere duplicated in the laboratory. The e results of the field and laboratory tests ps 


are given in Tables 13, 4 and 15, and B and 21. 
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14, ON FIELD TESTS OF CONCRETE 
‘te -10.—1 "ests 5 of Cement. —Series 6 was made to compare the concrete- -making 


- qualities of the different lots of cement used, The tests. were made for. only 
Camden work. Samples taken weekly shipped to the U. S. Bureau 
bal Standards for standard cement tests and for making 1: 2: : 4 concrete to be 


tested at 7 days 8 months, and 1 year, using a standardized mixture of fine 


nd coarse ae The ‘results of these tests is are given in Tables 1 16, 1 


tag 11 —Effect of Condition of Curing. —The purpose of Series 7 was” 1 to show 


the effect of the condition of curing | on the strength of concrete. During li 

Camden tests, twelve. cylinders were made, six of which were cured on the 
building ar and six in n damp sand. The data are given in Table 19. 
—Effect of Time Elapsing Between Mixing and Sampling Concrete—§ 
For th 

Series 8 was carried out at Camden, to compare the strength of conerete batch. 
sampled immediately after mixing - with that of concrete ‘sampled after + how 7 Th 
and 1 hour in the forms and in a water-tight box, , respectively. ‘The data are Be 


al oi —Effect of Exposing Specimens to Low Temperatures.—Series 9 was 
a study of the effect of exposing the specimens to low temperatures during the 


- first 24 hours. These tests were made at Newark Bay. Only a few specimens | mind 
af were made during weather cold enough to have a material bearing o on the pur- : 


djust. 
of the tests. data are given in Table 21. wor tn 
oe —Effect of Time of Mixing.— -The ‘purpose of Series 10 was to show tl the ‘ae 


ffect of time of r mixing on the strength . and plasticity of concrete. 7 It was not 
found feasible to make special batches for this | purpose, but ¢ a study of all the + 


this subject ¢ as shown i in Fig. 22. alt 


—Ma terials and Proportions ‘nominally 
ws 22: :4 and 1:1:2, was mixed in batches of approximately 1 cu. yd. The 


as 2:4 concrete required 6 bags of cement | per batch, and the 1 :1 : 2 concrete, 
11 bags for the same quantities of aggregate. Two brands of Portland cement, 


‘a A and | B, were used. - Cement A was used for most of the work i in the East 


to. water was taken from the ‘Camden water supply was 
‘measured a tank having a capacity of about 40 ‘gal. This tank had a an 


adjustable overflow pipe by which the quantity of water ‘could be regulated | = 
a gauge for reading quantity in gallons. ‘The quantity of mixing Placer 
water used i in each test batch is be in Tables D and 3. i 

n 

“De Frain Band ‘During the early part of the work the 
mixer plant was equipped with w hoppers having capacities of 12 8 and 
94 eu. ft., for sand and gravel, respectively. These hoppers "proved to be 
impracticable and were discarded i in favor of the metal charging hopper, with - , 
which the mixer was equipped. wooden partition, divided the charging 
hopper into into compartments for sand and gravel. The same quantities of 
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ealeulating the true proportions used, the quantities: of aggregate were taken 7 
as the average of several determinations by weight for one condition 
moisture. The proportions calculated i terms of the dry weight, the damp 


gates: were batches, but the cement 


rae | weight, the loose volume, and the dry rodded volume, are given in Table 29. i 


= 


re 1:94: :3. 6 pana ain 5 bags c of cement. per batch and the 1:2 :3 con- 
BR erete, 6 bags for the same quantity of aggregate. Five brands of Portland 


, ros cement were used, generally indiscriminately, | two or more brands i in a batch. 
pape? For ‘the test batches, however, usually only one brand was used. for a given > 


~The mixing water was taken the Elizabeth, N. J., water and 

wa was measured i in a tank having a capacity of about 50 gal. if The tank was _ 

equipped with a ‘gauge for reading the quantity ‘inches. quantities 

mixing water are given in Tables 4 5. aul tein 1 


The aggregates were washed ‘sand and gravel ‘tiie the plant of Henry 
Steers, Inc., Northport, Long Island. The mixer plant was equipped with 
adjustable Blaw- -Knox “batchers” for sand and gravel. The proportions 


now the f™ varied to correspond with ¢ | changes i in the grading ‘of the aggregate in order to. 


ae maintain an an economical ratio of fine. to coarse ageregate. The proportions ~ 


was not 
all the @ CC calculated from the volumes of the batchers and the weights per unit of 7 
‘tion on 


weighing the materials from representative e batches. The of 


volume of. the aggregates. Checks were made. on the calculated proportions | by 


i 


minally 17.—Sampling Camden, the samples were collected by 
1. The ing a sheet-i -iron a box i in the buggy. This sampling box extended the full ‘a 


soiehell of the buggy, and its construction was such that the same time was required _ 

cement, fill the box as to fill the buggy. _The ‘final sa sample consisted of mixtur es of 

je East fy two such 1 samples from a batch. Figs. 4 and 5 show the method of taking the 


nd was At Newark Bay, the concrete for the sample was shoveled from the hoisting — 

had an bucket after about one- “half the batch had been discharged from the mixer. ag 


ulated, An attempt was made to use sampling boxes, similar to those at Camden, 


mixing Haced i in the top of the hoisting bue ket to receive the concrete as it was dis- 


a) charged from the mixer. - This method was found to be impracticable and was” 


ork the 18. —Consistency ‘af Conerete —The slump. and 


measure the consistency of workability of the concrete. te pili 


The slump test was made by using a truncated | eons: 4 in. in diameter at 
the top, 8 in. at the bottom, and 12 in. high, in accordance with “Tentative a 


harging Specifications for Workability of | Conerete for Conerete Pavements? (Serial 
Designation : D62—20T * of the American for Testing Materials 


* Pr oceedings, 


for Testing Vol. XXI, Pt. I (1921). 
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ON FIELD TESTS OF CO CONCRETE 


“mixed concrete and immediately. slump the settlement, in 


- inches, of the mass of concrete from its s original level at the top of the cone* 4 
‘16 The flow test was | made | with apparatus furnished by the U. S. iene 
Public Roads (Fi ig. 5). + “The test, made in accordance with recommendations | 

of the U. Ss. Bureau Of Standards, consists of j jigging a of concrete on 


“The concrete was moulded in a truncated metal cone having a of 
63 in., a bottom diameter of 10 in., and a height of 5 in. _ ‘The form was with 
drawn from the concrete immediately after moulding. The table w was 


4 in. and ‘dropped by m means of a cam, this being repeated about fifteen times j in 
10 sec. The increase in base diameter expressed as a percentage of the original 


19. Moulding Test i Specimens. —The 6 by 12- “in. cylinders were made i de in 
accordance with recommendations of the American Society for Testing 


- Materials, “Standard Methods of Making and Storing Specimens of Concrete 
in the Field” (Serial D Designation : C31—21) : and Appendix: XITT§ of the Joint 
Committee specifications. ‘The cylinders were moulded in cylindrical metal 
forms set on machined cast-iron. plates. Fig. 5.) ‘The tops: of the 
‘ specimens were capped with n neat cement and ; a smooth cattails was formed by 


“ means of a machined d plate. These specimens were removed from the forms 
16 to 20° hours after x moulding and were cured sg ard sand under normal 


| | from the “moulds the following day and stored in ein ond in the field 
“laboratory where they were allowed to remain for 2 or 3 weeks. — They were then 


removed. to ‘the Philadelphia ‘City ‘Testing Laboratory and again stored in 


damp sand until they were tested. At Newark Bay Bridge, the specimens 


were made on the scow which carried the mixing plant. ‘The following day 
_ they were removed from the moulds and covered with damp ‘sand. - After 4 


days to. weeks: they were removed to the Materials Testing Laboratory at 
‘olumbia University, New York York, N ¥. , where they were cured in damp sand 


until they were ‘tested. 

At Camden, the slabs which be drilled 


L were cast on on the floor of the building, each 1 Slab from a single batch of concrete. 
a ~The casting | of the slabs was distributed ‘throughout the work ‘so that the test 
results would better the conerete in the structure. Six 6 by 12 in. 


ee - A later standard specification, ‘“Tentative Methoa of Test for Consistency of Portland- 
- Cement Concrete for Pavements or for Pavement Base” (Serial Designation: D138-22T) of 
- the American Society for Testing Materials and Appendix XI of the Joint Committee Specifica- 
“thes (Proceedings, Am. Soc. C. E., October, 1924, p. 1257), provides that the slump test 
shall be made 3 min. after ‘moulding the specimen. ” The former method was used and — 


= bm For the details of this flow table, see “Inundation Methods for Measurement of “Sand 

in Making Concrete”, by G. Smithy’ and Wz A. Slater, Proceedings, Am. 


The method used at the Materials Research Laboratory differs from “this 
in that a 4-in. drop is used and the flow is taken as the final base Hameter expresset as 8 


ae 
_ § Proceedings, Am. Soc. C. E., October, 1924, p. 12 
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cylinders v were cured in damp sand until yo were tested. The slabs were 


allowed to remain on the floor for 2 to 4 weeks with no special treatment other . 
than that t accorded the floors. After this period they were lowered the 
ground and the cores were re Nine c cores, 44 in. in diameter, were drilled 


from each. slab a: and fifteen’ 63-in. cut from about five of the slabs for 
testing at 28 days, 3 months, and 1 year. — Atl Newark Bay Bridge, six slabs . 


were , made, three o on each of 2 days from consecutive batches. _ Nine 6 by 12- in. 
cylinders were made with each | slab for e cores. After 
about: 24 weeks the slabs were shipped Harrisburg, Pa, “where nine 6§-in. 
pl were drilled from each. . The cores: were » made for testing | at 3 and 6 


months and 1 yea year. A cy Padsiesi bit with. chilled shot as abrasive was used 
for cutting the cores. Fig. 2 shows the drilling of the cores, at Camden. — = 


i ‘Two conerete columns, 10 ft. long, one 12 in. n, in diameter, and the ie 


12 in. square, were e made at Camden, from which -eylinders an and prisms, Tespec- 
4 tively, 2 ‘ft. long, , were sawed for compression | tests. The cylindrical column 


was cast, in a metal form, the rectangular column in a wooden form. These 


‘columns were allowed to remain on the floor in the forms for about 28 days 
ig. is a “photograph of the 


20. —Tests of Aggregate.— — amples for moisture determinations and | sieve 


powell were taken as the materials were distributed from the overhead - 

at the mixing p plant. The sieves 3 specified by the American § Society fo for a 

‘Materials were in making sieve analyses (Serial Designation: 041-22). 


The colorimetric test for organic impurities was. made on frequent samples 
of. sand. (“Standard Method of Test for Organic Impurities in Sands 


. 


Concrete” ( Serial Designation: : 040- “22)* * of the American Society for Testing 


ale —Strength Tests. —The strength tests in the Camden investigation ‘were 
‘made 2 at the Testing Laboratory of the City of Philadelphia i in a 300 000- Ib. 


testing n machine. tests for Newark Bay Bridge were made at 


ocimen. 


Discussion oF TESTS 


—Strength of Conerete— —The principal results of the strength tests of 
the mnediiees are given in Tables 2 2 2 and 3, for the Camden tests, and Tables 4 


etted in ‘chronological order i x in es 6. ‘Fig. Tiga a curve in which th 
of are arranged in order of increasin 


Datches of :4 concrete, w 
concrete, and of one batch sweepings from the platform, are omitted 
from the discussion of the Camden tests (Batches 15, 21, 27, 29, and 34). ‘The 


Appendix X of the Joint Committee Report, Proceedings, Am. Soc. C. B., ‘October, 
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average strength of the fifteen cylinders f from these was 3 420 Ib. per 


sq. in., 63% greater than the « average for the 1 remaining 1:2:4 cylinders and averag 
about 13% less than n the average of the 1:1:2 Db. per 


‘maxin 

hundr 
in. 


averag 


11 sack batches 
10sack batches 


Compressive Strength i in Ib. per 5. 
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“Fie. 6. —Damy Averages or CoNcRETE STRENGTHS. 
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»2 28% below and above the averag se of all 1: 2: 4 concrete. 


) 
— 

: 

A 
J 
4 


as 


EPORT ON FIELD TESTS OF CONCRETE. 
average strength of the eighty 1: : 2 concrete cylinders” at 28 days: was 3 = 

Ib. per sq. in. ; the minimum ‘daily average was 2 lb. per sq. in. and the 

maximum, 4 640 lb. per ‘sq. in. 

For the Newark Bay tests, the average strength at 98 days of ti the two 

hundred and twenty- -eight 9.4 :3.6 concrete cylinders was 3150 Ib. 

sq. in. ; at 7 days, 2 010 Ib. on a in. The minimum and maximum daily 

averages for 28-day tests were 1660 and 4100 lb. ‘per sq. in., , respectively at 

7 days, 1 310 and 2 700 Ib. per sq. in. These minimum strengths oc occurred for — 


days on which only ‘one batch was sampled. be or ‘the 1: 3: 3 concrete, the 


were 3 540 4300 Ib. | per ‘sq. in, respectively. 
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1G. 8 —Dany MopvuLus, SLUMP, WaTER, 
Moisture ConTENT OF SAND AND GRAVEL 


—Consistency « of Concrete. —The consistency of the concrete was as meas- 


ured by the slump and the flow tests. _ _ The principal data of the tests are given 7 


in Tables 2, 3, 4, and 5, and Fig. 8. _ Table 1 gives summarized data of the 


7: he relations” between ‘consistency and the strength of the concrete is - 


Tables to 25, inclusive, see pp. 37 to 61, inclusive. 
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One iy ye nw 

Slump. Slump. Flow. ld 

oa ~ & the rap 

Maximum range. 4.0-10.0 0.0-8.0 | 2.5-60_ A 5-6.0 | 10-30 and on 
Range for 80% o 

tremes eliminated)! 6.0- 8.5 4 1.5-6.0 | 5-42.5_ 2,0-6. 12.5-27.5 tte r 1 

daily averages... | 5.7- 9.1} 88-125 | 7. 2-10. 0 120 0-6.2 | 8.8-40.8 | 2.5-6. 0 10-27.5 


‘Fig. 9 shows a distinct relation between the slump and the flow. J From the e 
nature of the tests, concrete which shows no slump will, show a flow as the 3 
esult. of the jigging. ~The slump, however, cannot exceed 12 in. and for con- ee 


approaching this value, the flow becomes very large. “Although the 


plotted d points for these tests ec cover a wide band, an : average curve ‘meets the 


a 


4 Concrete 
4-1-2 Concrete 


Slump in inches, measured ir 


‘Fie. 9 9.—RELATION or StuMP TO Fiow. 


As stated prev ‘iously, the. slump test was made in accordance with the 


Specifications for Workability, of Concrete for Conerete Pavements” 
of the American Society for Testing Materials (Serial | Designation : D62-20T), 


requires ‘that the mould be removed immediately, whereas the present 


Tentative “Tentative Method of Test of Consistency of Port: 
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land-Cement Concrete | for P av ements ¢ or for Pavement Base’ ’ (Serial Designa- 


‘tion: D138- -22T),* requires that the 1 mould be removed after 3 min. ant 
z At Newark Bay, determi nations: of slump by both methods were made on a 


number of batches. | _ The results of these tests are plotted i in F ig. 10. Although — 

these data show a fairly uniform relation between the values of slump n peor 

in the two different y ways, it ‘is believ ed that the method of withdrawing ‘the 

mould after 3 min. is objectionable. The value obtained depends largely on 

the rapidity. with which the cement stiffens, on the. absor] ption of the ageregates, 


and on the temperature of the air when the test is made, To wait 3 min. before — 
‘removing the mould would also delay the work, The slump obtained by the | 


latter method was approximately « one- _ that obtained by the methods used — 

— 8r 


8 


- Slump in inches, measured immediately 
S 


easured after 


hes, m 


4 


inince 


Slump in inches, Flow i in Percent me easured immediately 


* 

10.—Errect oF TIME or SAMPLING ON SLUMP AND FLow. 


24.—W ater-Cement Ratio.—The daily averages of the of water 
added to the batches in the mixer, the percentages of moisture in the 
aggregates, are shown in Fig. 8. (See, also, Tables 2, 3, 4, and 5.) These 


| 
values are used i in computing the “ water ratios” expressed as ratios s of volumes’ 


of water to volumes of cement. Accurate calculation of the quantity of — 
furnished to the concrete by the moisture in the materials ) requires that t te 


weight of aggregates in each batch be known as | well as as. the percentage of 
‘moisture i in the ageregates. — The method used for measuring the. aggregate and 


the difference i in bulk due to moisture content made it impracticable to obtain 


accurate values « of water ratio. ns water ratios given are, therefore, -approxi- 

‘or 


the Camden tests, the average water ratio for the 1 : 2:4 concrete was 
about 1.0 and for the 1: 1: 2 concrete, about 0. 6. The moisture e content of the tea 
“sand ranged from about 3. 6 to 74% and that of the gravel from about 0.5. to _ 


per cent. The relation een water ratio and strength of concrete is 


xI of the Joint Committee Report, Proceedings, Am. Soe. 
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24 REPORT ON FIELD TESTS OF CONCRETE 
25.—Void- —The void-cement are given in Table es 9 
to 5 for all the batches ‘sampled. For this purpose the 1 nominal value of 94 Ib. & differe 
of cement per * cubic f foot was used. _ This places the void- cement ratio and the days t 


fi 
ne _water- cement ratio on a comparable basis. ‘The yoid- cement ‘ratios given in 


these tables 1 may be reduced to terms of absolute volume by ‘multiplying them § 


2 06. will be seen that the vc void-cement ratios are about equal to the 


water- ratios. This agreement is to be expected because in concrete 

that contains no entrained air, the water constitutes the voids used in the 

y. computation. Therefore, for these tests any conclusions which apply to the 


ie “cement ratio will apply about equally well to the void- cement ratio. 


26.— —Grading of Aggregate. —Samples of sand and gravel were generally 
collected for each batch concrete > sampled. x. As of the 331 sieve 


= liffer quite widely in in 2 the percentages al, the curves are are similar i in 2 form, 
Fort the Camden t tests the average fineness modulus* of all ‘samples: of ‘sand 


as 2.76 the range was from 2.5 51 to 38. 04, ‘The data indicate a a 

good uniformity in the grading of the sand throughout the p: progress: of the 

work, The sieve analysis of the gravel showed a somewhat greater variation 


average | fineness modulus for all samples was 6.83. The maximum 


range was from 5.8 to 7.4. : The majority of the samples were much nearer the 
average than is indicated by. these values. Approximately 80% of 


Fort the Newark Bay teats, the average fineness modulus of all of 


sand we was 2. 76 and the maximum > range was from 2.08 to BAT. ‘ As in the 


- Camden tests, the range in fineness modulus for the gravel was somewhat 


_ greater than that for the sand, the minimum representative value being 6. rat 


and 70. ‘The average fineness modulus of the ‘gravel was 1. 7.31. 


£3, ON 


produce a fineness modulus of about 5.65. were calculated. (See Table 


The maximum range in average fineness modulus for the differen ent scows was 

*. from 2.26 to 3. 15 for the sand and 6.74 to 1. 37 for the by 

In Fig. 11 the surface* moduli of the sand both Camden and Newark 

Bay have been plotted as ordinates, and the fineness moduli as abscissa. gree 

4 Definite relations between the two functions are shown - for both localities, but for 


a different relation for each. The higher surface modulus for a given fineness 


~ modulus | shown for the Newark Bay tests is _ due to the presence of relatively 1: 
"larger quantities of the finer particles and to the fact that the surface modulus “gral 


Ag gives more weight to the finer sizes than doe 


s the fineness modulus. 


- ss * The fineness modulus is the sum of the percentages in the sieve analysis ea by 
—* . The surface modulus is a function which is is directly proportional t to the a Loca 
assuming all particles to be the — — 
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of Strength. 
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CON CRE’ 


—During the entire perio 


od at Cam 


er 


there 


= 


were outs four days in which the daily average strength of the 1: 33 . conerete 


differed from the grand average by more than 20 per cent. 3 On two of e 


days the average was more than 20% % low, and on two days" it was _ than 


wo | 


on 


no 


Surface Modulus of San 


, Dod 
| ° 
is 
(2.0 21 22 23 24 2.5 26 2.7 28 2.9 3.0 3.1 3.2 


The concrete on two different days gave strengths less 
of the average; no daily average was more than 20% above the grand 
“average. An explanation for the lower strengths obtained for the latter part 
oft the work is found in the fact that the quantity of cement for the nominal 


Be 1:2 mix was reduced approximately 10% a after about June . as it ras 


pete as the basis o of the ‘structural design. get 


-found that the s strengths were running unnecessarily | high . (See Fig. 6.) 
‘Wig. 7 ‘and the summary ry in Table 25 
(both1:2:4and1:1: 

le t 7 39 
ss han 1 80% of the grand average and that oniy 5% of the 1:2 2: 74 specimens 


and none of the. 1: 1: 2 specimens gave strengths less than 80% of the va alues 


show that ‘only 10% of the individua 


In the Newark ‘Bay “tests, there were five during which the 


“average. str rengths of the 1: 2.4 :3. 6 concrete deviated from the ‘grand average 
byn more than 20 per cent. a On only tm of these days was the ) average strength za 
‘More than 20% low. On the remaining three days, it. was” ‘more than 20% 
“greater than the grand average. For the 1: 2:3 concrete the average strength oh 
for no day varied from the grand average by more than 20 per cent. Only 
about 10% of the individual specimens for both the 7 and 28- -day tests of the ; 
1: 2.4 33.6 and the 1:2:3 concretes gave strengths less than 80% of the me 
grand averages for those ages and mixes. Only about 8% of the 5 Od: 3.6 ply 
‘Specimens and ; none of the 1: 2:3 specimens gave 28-day strengths less than nn 


of the value assumed ai s the basis of the structural design. to 


tested at 28 days gave 
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a The effects of such factors as as the consistency of the concrete, the grading 


of the aggregate, tl the water ratio, strength, are ‘discussed 

The variations seemed to as they did 
“respond to variations in other test ‘data of the s same batches. = Ibn searching 
for the cause for these variations in strength, particular attention was given 


: to the temperature records and the results of laboratory tests | of different lots 
of cement. No relation was found for these factors. iq 


sts a 


fe | 


T 


= 


[Newark Bay Tests at 28 fens. 
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Fig. 12.—RELATION SLUMP AND FLOW ‘TO STRENGTH OF 


88. Strength nd of Concrete —Fig. in 


in Ib. 


“tests in which the slump wi was varied over a wide range changing 

_ the quantity of 3 mixing water. ~ Parallel laboratory tests made for the purpose 

of “comparison are also shown. — . Fig. 13 shows a definite relation 1 between slut slump 

and | strength. — The indication is that the slump measures some property of 

the ¢ concrete but that , due to accidental variations in other factors than the 

quantity: of mixing water, the slump does not ashi a consistent variation with 
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the strength unless these other factors are rigorously controlled. 7 The lack of 


~ yelation between s slump and strength shown i in Fig. 12 12 when compared with ae 
definite relation shown in ‘Fig. 13 emphasizes the need for more rigid control 


the measurement of materials in the batch. 


3 given 


Ome |Ficld Tests} 


Slump in inches 
Fic. 13 OF SLUMP TO STRENGTH © OF OF Mixes. é 


29.—Relation Between Strength and W ater Ratio. —In Fig. 14 the strength | 
plotted against the water ratio for both classes of conerete at both 
‘eaten _ The points are scattered, but the average curves indicate a definite 


relation. Due to inaccuracies in the data from which the water ratios. wre 
computed, errors in the > water ratios would ‘probably be § sufficient to account — 


oad a large part In Fi g. 15 the data 


ald | at ‘ail 
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flow. 
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uff ot Water -Cement Ratio, x, by Volume 
Fig. 14 —Warer- RarTIo- STRENGTH RELATION FOR FIELD 
in the same way. The points for the hand- made concrete, for which it v was 


possible to ‘control the proportions and measure the quantity of water accu- 
rately, fall on a  emooth curve. The points for the machine-made conerete 
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n ‘Fig. 14 two curves have been drawn, one based ‘the: equation, 
and the ‘other on ‘in which is the compressive 


strength at 28 days and z is the water ratio (an exponent). These are equa- 
: tions which recently have been used to some extent for estimating the strength 
of concrete on the basis of the water- cement ratio. 
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—Effect of Varying the Grading of Aggregate. —Tests to determine the 

effect of varying ‘the proportions of aggregates were ‘made at Camden only. 
( Tables 11 and 12 and | Figs. 15 and 16. ) Table 11 gives results for batches in . rity! 


_ which 50, 40, 35, 30, , and 25%, respectively, of the total aggregate was sand and — 


4 
the remainder gravel. ‘ Table 1 12 2 gives results of of parallel hand- made batches. —_ 


4 The “first group > of machine-made 
Batches “batches includes Batches 64 to 75; ; the 
“second ; ‘group, Batches 113 to ‘117. In the 
2.30 first group, several batches having differ- 
3 ent cement contents were made for each 
a grading of the > aggregate. In the second 
group, the same cement content was used 
3 Ap for the > different gradings. Tn’ both groups, 
or the ‘slump was maintained nearly ‘constant | 
3 for | all batches. _ Due to the difficulty of 


accurately m measuring the aggregate wi with 
the equipment available, the first group 
des not: show aa definite relation between 


Fineness Modulus of Aggregate 
_ Fig. 16.—RmLATION OF FINENESS — strength and the grading of the aggregate. 


the second group, the: quantities 0 
_ materials were r measured more accurately : and the results show a definite e rela 
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ON — TESTS 


‘the: strength: of the concrete. 


the aggregate the quantity of was found quantity 


required to “maintain constant. ‘slump decreased the fineness “modulus 
increased, and it was for this x reason undoubtedly that the higher fineness a 


moduli gave concrete of the higher strengths. relation is made apparent 
in Fig. 15 where the relation of water ratio to strength for both the hand- | 
made e and m machine- made batches from Tables 11 and 12 are shown. iS The solid — 


curve is drawn 1 through 1 the } points s of ‘the hand-n made batches. = The 2 strengths — _ 
for the 1 machine-made concrete are less regular probably due * inaccuracies in 


—381.—Effect of Moisture Content on v of ‘Sand— —The important effect 


| 


on the volume of sand caused by n moisture has been ‘pointed ‘out b by a number of 


investigators. Figs. 17 and 18 show - the changes i in volume of sand used j in these 
“investigations for percentages of moisture ranging from 0 to 20. ¥ ‘The open — 


circles in the curve at the top of the diagrams represent the wae per cubic | 
foot of moist sand shoveled into a measure e and not further compacted. — “The 


ied 


solid circles represent the weight of sand, exclusive of. moisture, in the same 
samples. The curves showing the dry weight of a cubic foot of damp sand» 
measured 1 loose disclose the interesting fact that for the percentages of 


moisture on this. work, t ranging ng from 3 to 8%, _ the bulking caused little varia- 


in the quantity of sand as measured. 


‘The d dotted curves in Fig. 17 (b) and Fig. 1! 18 (b) show the i increase in th he 


of sand n measured loose and containing ‘different “percentages of 


moisture, over that of sand -rodded. These cu curves serve the 


importance of giving the proper interpretation to the Tables of a - 

the report 0 of ‘the Jc oint Committee referred to previously. The proportions 
in these tables are given in 1 terms of the volume of dry 5 aeinile compacted 

7 by ‘rodding. If a mix taken from those tables were used without a correction for 

the change i in volume due to loose measurement of.n moist sand a serious — 


would result. . For example, if a1:1.4 : 3.5 mix were selected from those tables, ™? 


‘approximately al: 2: 3.9 mix by loose volume of the damp material used a 
> Newark Bay tests would be required in order to correct properly for the 
bulking. Failure to this co correction would result in nal: : 3.2 mix 
When stated in the terms used in those tables. these estimates the 
duction of “volume of the coarse aggregate due to rodding is assumed a8 
¥ The solid curves in Fig. 17 (b) and Fig. 18 (b) show the changes in volume © 
by amounts of moisture to 1 cu. ft. 
sand used at Bay tha 
he of the relatively large of fine material in 
$2—Relation of Moulded Field Cylinders to Specimens Cut from Strue- 
twee —The strength of the cores drilled'from the concrete slabs and that of 


6 by 12. 12-3 “in, cylinders moulded the are shown in Tables 
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«8 and 9 and Fig. 19. . The slabs were oud on the building with h no other — 


- treatment than that | accorded the building, and ‘the cylinders were ‘cured in 


sand. After 28 days, the cores. were cured in the air of the laboratory. 
28-day Camden tests and the 3- -month. Newark Bay tests gave in general 


- about the same strength for the cores as for r the companion “cylinders. There 
little difference: in the uniformity of strength of the different sets of 


specimens. At 3 months, ‘the Camden cores gave strengths about 14% less 


that of the cylinders. This ‘difference may be accounted for by th the 


Tittle difference in strength was found between the 4b and the 63- 


cores drilled from the same | 8-in. slab at Camden. Phy 


specimens sawed from the columns showed lower than the 


6 12-in 1. cylinders moulded from the same batch Table and Fig, 


strength f the “specimens cut from t the: 


~ eolumns to be greater than that for those of the Upper } 


sq.in, 
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Strength i 
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day Camden Tests (4% in. cores ) 
3months « | « 

3 mos!Newark Bay « of in, | 
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STRENGTH OF CONCRETE CORES 


FROM =SLABS WITH MOULDED DIFFERENT MIXES. 


lt ry he 
12 in, Moulded Cylinders: 


sq.in 


-per 
wo 


pee Bay Tests 


umber of Batches 


h in Ib 


Compr Strengt 


2.5 50 
‘Distance of Center of of Specimen 
from Bottom of Column in ft, 7 
oF SPECIMENS ‘bint Fig. 22.—Errect or OF 


q 


Time of Mixing i in Minutes 4 


| “Rigs, 2 and 21 L give : a summary of ‘strengths of concrete specimens made i in — 
> same 


a 


 83.—Comparison of Field and Laboratory-Made Specimens.—Table 15 and 
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ON FIELD TESTS” OF CONCRETE 


or te 


The materials for the field specimens were measured in the same manner as 
that generally used on the work, but with somewhat closer er supervision. These | ‘in th 


batches: 3 differ from. those used through h the work only i in 1 the deliberate varia- “gave 
tions i in the quantity of mixing water. ‘Each point for the field tests plotted , er 


in Fig. 18 represents the average strength and the average slump of from one - stand: 


to six batches of three ‘specimens each. Each value for had laboratory tests 
is 
same for tor ‘the laboratory tests. The same applies to impor 

Sh. —Effect of Time of Mixing. —Fig. 22 gives a summary of the results a 


of all the strength tests arranged » with reference to their times of mixing. 7 
No systematic variation ‘in the strength with the time of mixing was found 


for the Camden tests, in which fairly wet concrete mixed for periods of 15 
sec. to 5 min. was: used, At Newark Bay the strength w wa as increased on | an 


85. —Bffect ¢ of Time Between | Mixing and Sampling Conerete. —On each 
three days an entire batch of concrete was set aside for sampling. As set of 
three 6 by 12-in. cylinders was made from the concrete immediately. The 


a vemainder of the batch was divided into two parts; one part ‘was placed i in an 
eel water-tig ght ‘box .and covered with damp burlap to prevent evaporation, 
and the other was placed in a floor- slab form. _ After 4 hour and 1 1 hour, sets 


a three 6 by 12-1 in. _ cylinders w were made from each of the two parts: of the 


batch. each period of ‘sampling essentially the same strengths wi were ob- 
tained for the concrete from ‘the | forms as for that from the water-tight box. 
_ The conerete which was allowed 1 to stand 4 hour before moulding the ceylinders 

gave a strength about 25% greater than that of the— e specimens | made im- 


mediately. Little further increase in strength was obtained for the 1 hour | 
The slump decreased. about 7 in. to about 3 in. after 4 hour r and 


to about 1 in. or 2 in. after 1 | hour; approximately the same relative changes: 


77 were . found in the flow. The data are given in ‘Table 20 and Fig. 23. The 
36. —Specimens Exposed Weather During Initial Hardening. 
Newark Bay, 6 by 12-4 in. concrete eylinders were made outdoors” and allowed 


to remain there for the first 24 to 48 hours unprotected except by the ‘moulds 


ns ll 
These were compared with | specimens protected from low temperatures A 


Specimens w were cured in damp | sand under the same conditions after the 


exposing low ‘temperature during their initial hardening period. 
Only few specimens were made at temperatures low ‘enough to serve 
purpose. Practically difference in strength was between the two 
sets. The data are given in Tal 21, 
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ON FIELD TESTS OF CONCRETE 


‘87. of Cements of cement taken weekly a at 
were shipped to the U. S. Bureau of Standards for standard cement tests and > 
for tests inl :2:4 concrete a me 4 7 and 2 28 days, 3 months, and 1 year. & Tables 
17 and 18). Fairly u uniform results were found for the different lots of cement... oe 
Of the two brands (A and B), Cement B consistently gave the higher ct 
in laboratory tests. For the he average the concrete te tests Cement 
“gave 15% of ‘the strength for Cement B at 7 “days, 81% at 28 days, and 96% 
at 3 months. These differences were less marked in the briquette tests: “A 
standard cement mortar. et Cement A was used in most of the field tests and 
Cement B in only a few. No distinct difference in the strength of the field 
concrete made from the two cements, was found. This is u undoubtedly due to. 
the fact tha that variations in other properties 0: of the > concrete batch were 0 of greater 
importance | than the variations in quality of the cement. All lots met the re- 7 
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- quirements of the “Specifications and Methods of Tests for Portland Cement”.* il 


| 


percen 


Slump in in, | 
in 


pressi 


4 


— 


Co 


ie 


Period between depositing concrete and 
collecting sample in n minutes 
Fic. oF TIME EEN SAMPLING AND MIx- 
CONCRETE. 
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fect of —Of one group 0! twelve of 
:2:4 concrete made at Camden, s: six were cured in the usual way in | damp — 


sand, and Six in air of building. strength: of the cured in 
sand. 


39.— —Effect of Age on Bivens of Concrete. —Tables | 6 and 7 give the 
‘Tesults of the tests of ‘concrete in Series 2 at different ages. The ee 
- strengths up up to 3 8 months are plotted i in Fig. 24, Table 16° gives the results _ 


of the laboratory tests of Series a3 made at the U. S. Bureau of Standards. — 
Transactions, Am. Soc. C. Vol. UXXXII (1918), p. 166. 
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Newark Bay Tests 4 
* Max, and Min. Temp. 


Camden Tests 
o Field Lab, i 


2 7 Temperature in degrees Fahrenheit 7 


7 111619 2327/1 6 9 18172125 29) 
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36 REPORT ON FIELD TESTS OF CONCRETE 


Approximately a straight-lin -line relation is found the strength and the 


For» the 1:2:4 concretes- tested a 


- concrete gave strengths at 7 days of about 2 000 lb. b. per sq. in, and smaller pro- 
portionate increases in n strength at greater ages. 
In Fig. 25 the compressive | strengths at 7 days of all the specimens ii 
able ¢ are shown 1 as abscissas and the strength at 28 days as ordinates. % Thex 
points” fall in quite a wide band which is not far from parallel to the 45° 
“ine of equal strengths” # It suggested a relation which might afford a basis BR 
for ‘estimating t the 28- -day strength of concrete from the : results of 7- -day tests, | 
value of such information will be ‘obvious. An examination of published 
test results showed a relation b between the 7- -day 2 oud the 28- 8-day strengths which 
is “well represented by the curve drawn in Fig. 25 the equation of which is § 


“strength. T The points ts plotted in Fig. 21 2 would not be sufficient basis 1 for ‘the | 
derivation of this curve, but their trend is well represented by the curve which 

was derived from consideration of a large number of tests of concrete having f 
a wide range of mix, consistency, grading of ag gregate, and inert powderel | 


of use for reference. Fig. 26 i is a chart showing the decsnngeii prevailing at 
Camden and Newark Bay during t the investigation; Fig. 27 shows s the varia- 
_ tion in weight per cubic foot with variation in proportion n of prom for the mixed 
- aggregates used at Camden and at Newark Bay; and Fig. 28 gives th the weight 
cubie foot of mortars made with the ‘sand ‘and coment used at at Camden. 


SUMMARY 


in the e ‘sy mopsis at the of the 


at the 1 U.S. Bureau of | 
Standards at 7 7 days were about 1000 Jb. per sq. in. and at 
days and 3 twice and three times as great. The The 1 :1:2 


is the 28-day strength and f is the T-day 
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REPORT ON FIELD TESTS OF CONCRETE 


- Compression tests of 6 rts 12- in, conerete cylinders made in the field. 

‘Specimens cured in damp sand until tested damp. 
Specimens from about 1 cu. yd. batch. 7 

Values : —_— of one, two or three tests from same batch 
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| STRENGTH, IN IN Pouxps 

inches. | centage. |~ 

f months. 1 year. 
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REPORT ON I FIELD TESTS OF CON CRETE -[Papers. 


TABLE 9 Tests OF CORES DRILLED FROM CONCRETE SLABS, NEWARK Bay. 


- Cores, 63 in. in ‘diameter, were drilled from 3- ft. 7 5-ft. by 12-in. slabs which had been cured 
gutdoors on for about and at Harrisburg, Pa, drilled at age of. 
months, 
6 by in, cylinders were moulded from. the same batches of as s those e from which | 
slabs were made and cured in damp sand until test; tested damp at same age ascores.  . 


 Ageattest,3months. = 


ComPREssIvE STRENGTH, IN Pounps PER Square Inch. 


in inches. | 


P, 


Tas 
8). Average.|_ 


ump 

ratio. 


SI 
Flow, 


|Date made (1928 


3 990 | 4 010 
4 310 | 4.050 
3 990 | 4 280 


Average. ‘ 


ae 


ac +h 


| = AT ‘CAMDEN, N. J. 4 

Compression tests of prisms and cylinders, 24 in. long, sawed from two concrete 10. ft 
long, having sections, 12 in. square and 12 in. in diameter, Fenpoctiveyy. Columns cured on floor 
until sawed at age of 28 days. 

ay: ~ The 6 by 12-in. concrete cylinders were moulded from the s same batch at the time columns were 
“Age at test, 87 days. 


‘Compressive IN Pounps 1 PER per SQUARE. Incu. 


Specimens Columns. ) 


Bateh No. 


(12 by 12 12 by 24- in.) (18 by 24-in. 


410t 


Pape 
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| — 

— | 

q 11-20] 6.0| 30 | .... | 3220| 3 460| 3 420 38 370 3 250 | 3310 =, 
| 0:82 13 740| 8070/3280] 3360 | 8 140| 8500 | 8 450 
5.5] 10 | .... |8800| 8540 | 8 420 8 590 8 450 | 8370|3470| 3430 

Grand average....| .....| 4.4] 20 | 0.80] ....] 
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i's 


| 


ABLE 11. —T KSTS OF FIELD-MADE or FOR DIFFERENT 


— Compression tests of 6 by 12-in. concrete cylinders made in field. 
. general, cylinders w ere — in damp sand until test; tested damp. r, 
Principal data plotted i in Figs. 15 and 16. 


ani. 


Mrx By Dry aND 
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_ aggregate. | Separated 
aggregate. 


_ COMPRESSIVE STRENGTH, 
IN POUNDS PER 


SquaRE INCH. 
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T ABLE 12.—TEsts OF Lasonarory- MADE CYLINDERS OF Concrere aon 
DIFFERENT MIXTURES A AND GR. 


aes - Compressive strength of 6 by 12-in. concrete cylinders. 
Concrete mixed by hand in about ft. batches. 
Specimens cured in damp sand test; tested 

Ageattest,28days. 


Mixep 


a 


Water ratio.* 


ow, 


-percentage.* 


and, pe 


uh, Average, 


s 
Fineness 
modulus, | 
Slump, in inches.* 


1 
¢ q 


{ 


= 


os 


3 


BS 
oss 


& 


co ce 
ss 


| 


de 


OUD OTD 


= | 
| 
| 
sured 
vhich 
~ 
™ 1700 | 1 400 
2 420 | 2 470 
ra 1870 | 1470 | 1.540 | 
110 | 2 050 | 1 920 | 1 900 
150 9 |1850|1670/1770| 1760 
Gee 85 | 2180) 1990/2140} 2100 
4 100 | 1 240 | 1 270 | 1 220 a 
— 
ial 
— 
1640 | 880 = — 
902 | 1 | 1-720 | 2220) 1 880 
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m0 | 4: 2410 | | 2240! 1 730 200 
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FIELD- MADE CYLINDERS OF ‘CONCRETE 


= Compression tests of 6 by 12-in. cylinders. 
at ig re Specimens cured in damp sand until test; tested damp. 
vet ge at test, 28 days. 


Wey See Table 15 for summary of data. i 


Date | Fineness Slump Flow, | Pounps PER ‘Square INCH. 
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= 8.8 | 55 | 820 | 260 | 
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109 27380 | 2 | 
103 55 | 2260 | 2020 | 
| 
| Junez9 | 


2 REPORT O TESTS OF CONCRETE 


TABLE 14, or LABoRrATOR y-MADE Cy LINDERS OF DIFFERENT 


 MEXTURES AND SLUMPS. 
(rests Made by U.S. Bureau of Standards, Washington, D. 


Compression tests of 6 by 12-in. cylinders. 
_ Specimens mixed by hand in small batches using materials shipped from work. 
Specimens cured in damp sand until test ; tested damp. 


A t test, 28 days 7 
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Mix by 
weight. | 
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Jater ratio. 


reentage. 
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ercentage. 


Mixing water, 
percentage.* 
Water ratio. 
‘Slump, in 
inches. 
Compressive 
strength, in 
pounds per 
square inch. 
Mixing water, 
percentage.* 
Compressive 
strength, ia 
pounds per 
uare inch. 
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SUMMARY OF TESTS OF F IELD AND 


oF ‘CONCRETE oF DIFFERENT MIXTURES AND 
SLUMPs, ‘CAMDEN, N. J. 


‘Comp ression n tests of 6 by 12in. concrete cylinders. 
_ See Table 18 for details of field batches, ee Table 12 for details of th batches 


‘Slump, 2 in, Slump, 4to6in. 6 to8in. Slump, over 8in. 
Field. Laboratory. Field. |Laboratory. 


= 
thea Ty 
wn 
Cemen 
— 
ij 18 and 21; small, hand-mixed batches from job ; = values are the aveng 3 
1:1.5:8 | $280") | 2790 | 248 | ..... | 210 
* One batch only; average of three tests. 
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T: ABLE 16. — LABORATORY Tr ST Ss 


Tests 2 Made at U.S. Bureau of of Standards, Ww Washington, D. C. a ed 


_ Compression tests of 6 by 12-in. cylinders made with cements s shipped from work, r 


Specimens — in sand untiltest; testeddamp. 
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cement. (1928). -_ 
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R | May 26 |22%8days | 94 88| 84| 84! 87| 87/2 840/2 360/2 220/2 410|1 972|2 260 
| 3 months | 96] 92| 82] 87] 89/2 090|3 250/8 220/2 990/38 100 
ed in Figs Tdays 98/105) 94] 99] 99} 920) 920) 940) 820) 89000 
| Juneg |J28days__ |100|100| 90] 95] 86] 94/2 110/1 940/1 870/1 970 
99| 97 102} 97| 97| 9812 960|8 210]2 980)2 710 990 
| 7days 94| 79] 84) 86| 88| 030|1 060|1 050|1 180 
28 days 83| 82| 88} 85] 84/2 070|1 960]1 960/2 200 
S4 | A | months | 81] 87] 77| 90] 80] 83/2 990/8 000/2 950/3 260 
days 89) 81) 82) 84) 87] 85/1 140/1 170|1 120/1 180 
180 @days | 84| $8 84} 87] 83] 85/1 800|2 010/1 890/1 990 
B A 
| 3 months | 90) 84) 82) 86] 91] 87/2 860/2 550/2 74012 830 
& 
4 
July 14 |J*%8days 89} 89) 84) 84) 88) 89/1 640/1 650]1 590|1 8001 670 
** 8 months | 94} 90| 92/101] 98] 95/2 690/2 3800/2 600/2 830|2 600 
«a 1 6201 800|1 680 = 
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TABLE17. —SIEVE SIS OF AGGREGATES FOR TESTS 


PPT 


Aggregates Used in ] Ealiseinety Tests of Concrete Made ai e at the U.S. Bureau d 


1.09 

i 4 Sieve size or no. 
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‘Fiel measure...) 


Poromac RIVER SAND | 


Standards, Washington, D.C. 


SAND AND GRAVEL FURNISHED FRoM THE 


‘wif 

Gravel. 


AND GRAVEL.* 
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iv ans sand and gravel 


Sand. 


8 99. 0.7 
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& 86] 89] 88/102/100} 900|2 710/2 950/2 880)3 17 
89] 90] 87/100] 91] 
82) 87] 92| 88| 88/1 140/1 220]1 140/1 070/1 
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T OF CONDITION OF CURING CONCRETE, CAMDEN I Ji. 


© we 


Compression tests of 6 by Win, cylinders. 


7 Age at test, 28 days. 
Specimens from about 1-cu. yd. batches. 


2 
Batch No. 


Average 


460 
(100) 


Grand average. 
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"Percentage of strength of concrete from same bateh cured in damp sand, “Ave 
jo 
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TAB BLE 20..- —EFFECT oF TIME BEFORE SAMPLING Conc CRETE. 


{ Compression tests of 6 by 12-in. concrete cylinders. wart 
A sample of concrete was selected from the batch in the usual manner and three cylinders 
‘made immediately. The remainder of the batch was divided into two portions, one was placed — 
in a water-tight box and covered with damp burlap; the other was — in 7 eyee | 


Specimens cured in damp sand until test; tested 


sss 


SLUMP, IN INcHES. PERCENTAGE. 


: q 


IN POUNDS PER 


e 
(1088). 


Date 
made 


6 


Forms, 


— 


| 


§ 
 Aver- 


Clear 
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Papers.) 

7 

: 

Ger | 1800] 1920] 2280] 65 | 0.8 o2 | | 
| 710 | 1400] 1280] 1460) 65 | 60 | 15 | 4 
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REPORT ON FIELD TESTS OF CONCRETE Papers. 

TABLE 21.—EFFECT OF EXPOSING SPECIMENS TO WEATHER DURING 


Mix, 1:6, by damp and loose, separated volumes (5-bag batches). 
_ Cylinders removed from moulds and stored in damp sand indoors after about 24 hours. 
Specimens cured in damp sand until test ; tested damp. 7 


af 
vy COMPRESSIVE STRENGTH, IN P 
: 
TempeRa-| 


Specimens moulded {| Specimensmoulded | 


pled ze! 
rs. 
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(1). (2). (8). Average.| (1). | (2). (3). | Average. 
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Date sam 
Indoors. 
Outdoo 


Indoors. 
Outdoors. 
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2 320 2 320 
1 780) 1 7 5 
2 010 
1 960 
2 050 
2 470 
2 340 
2 450 
2 520 
1 130 
1 560 


180] 1 890 
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$180 186 30) 8 600). 
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Made. 
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ooo 
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sss 


CO 29 CO CO CO CO Ce CO CO COC 


S55 


li 


— 
7 
— 
Til 
‘Compression tests of 6 by 12-in. cylinders made in field. Value 
Aggregate: sand and gravel from near Nortbport, Long Island ; furnished by Henry Steers, Inc.; Batel 
Portland cement wasused ent 
— 
= 
— a4. 
| 54 | 46 | 1 990) 2 200! 2 
— 
— 
> 12-26) 48 | 87 | 1 290) 1 350 | 
‘12-27 | 44 | 87 | 2 050] 2 010 
th 12-28) 47 | 40 | 2 180) 2 110) ABLI 
12-28 | 47 2 500] 2 470) 
| 12-28] 47 | 40 | 2 850) 8 090) 
11-27 | 54 4g. | 8 460) 3 090 
| 54 2 980) 3 050 9| 32 batches 
12-8 | 58 | 47 | 3 3 200 | 
«128 | 5B | 47 | 8 880) 3 090 
12-10 | 55 | 49 | 4 480| 3 700 5.1 
12-20 53 | 44 4 050 4 600 11.0 
| 12-80] 53 | 44 910| 3 | 6.9 
12-20 | 53 | 44 | 3 510) 4 230 4.9 No. of 
86 12-21 | 57 | 54 | 8 580) 3 350 
87 12-21 | 57 | 54 | 8 610) 3 320 
| 12-22| 51 | 47 | 8 150| 3 580 3 | 14.8 
12-27 | 44 | 87 | 3 650) 3 250) 3 0} 7.9 59 
12-27 | 44 | 87 | 3 8 1 0| 9.2 
a 12-28 | 47 | 40 | 8 280| 8 3 0 | 18.9 
— 12-28 | 47 40 | 8 740| 8 370) 8 | 11.5 8 Bg 
12-28 | 47 | 40 | 4 270) 4 4 890] 4 330 | 4 610) 4 980] 4 940 
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TABLE 22. —Proronrions FOR CONCRETE AT 


Calibration made by weighing materials in average batch. 
Value for Batches 1 to 30 are the average of three determinations weight. 
materials for differ- 
batches. 


and 


_ Average unit se «vA of gravel, dry an puddled, 109 Ib. per cu. tt. 


onditi OF CEMENT PER BarTcu. 
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——- 

‘Weight. Damp...... 
| 

Volume. Damp—loose.... 

Dry—puddled... 


| 


Damp 
Dry 
Damp—loose.... 


| 


OF a AT NEWARK Bay. 


For most of the concrete (the nominal 1 :2.4:3.6 mix), 5 sacks of cement were used for each ae 
For the nominal 1:2: 3 mix, 6 sacks of cement 


i 
Av ERAGE UNIT WEIGHT, 
Cusic Veer: OF |  PouNDS PER Cusic Foor. 


Reference Morsrone Damp AND | 


concrete | Damp an \ 


37 | 
2. 76 


_ | 
ine. ; 
| | "Average moisture content of sand, 5%. 
a Average unit weight of sand, damp and loose,’85lb. percu.ft. 
Average unit weight of gravel, damp and loose, 100 lb. per cu. 7 
— 1:2.9:5.% 
= 1:2.4:4.8| 1:1.6:8.2| 1:1.2:2.4/1:1.0:1.9]1:0.9:1.7 
Weight. 1:8.1:6.2| 1 1:2.1:4.1/1:1.6:8.1 1:1.1:2.2 q 
— 
— 
Dry 
3  rodded. 
at 
q | Sand. |Gravel.| Sand. |Gravel.| Sand. |Gravel.| Sand. |Gravel. Sand. |Gravel. 
| cylinders 7 =| 2.838 | 6.90 | 38.2 9.6 | 20.6 %% 
| 8 | 9.7% | 798 | 46 | | 16 | 184 | 
6.1 | 1.8 | 12.0 | 18.0 | 104 
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25.—SUMMARY oF § STRENGTH TEsTs. de 


The strength for the U.S. Bureau of Standards tests given in is table are for the average wa 
ement ratios. These are as follows: 


while 


Bay Tests. 


\ 


wore 1:2:4 Conere 


2:3 Coner crete, 


2-10 


= 


Minimum 11 


Maximum 
Average 


rea 


Compressive stren gth, 
pounds per square inch. ap we 


Average obtained. . 990) 8&8 2 
U. 8, Bureau of Standards] 

cece 
Total number ‘of speci- 


Percentage of total number] — 
ofspecimens 
Not greater than 80% of ty: 


to 120% of average... 
Not greater than 80% 
design 
Less than 80% of U. S| 


str 
ength ...., ome 


TG 


__tThese tests were made at the U. S. Bureau of Standards from materials shipped from the 


“EN 


y 
__*The « design” strength is the ultimate strength which was assumed for the purpose =r 
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REPAIRING LE IN. A DRY DOCK 1K BY GROUTIN 
By Mack Awcas, Esq. 


G 


materi: 


* (Setious leakage which was eroding the foundations of the 1 022-ft . dry dock throug! 
ie the e Philadelphia Navy Y. ard, was successfully stopped i in 1921 by the pneu- ff silt-car 
matic | grouting process. 4 ‘First, a ‘casual inspection of the drainage culverts B the str: 
— in the floor of the dock + was ‘made, which showed the leakage to be considerable day on 
in quantity and deeply « colored with suspended matter. 7 _ However, this color at 
“was not accepted as conclusive proof 0 of serious erosion as the d dock was built & ing thr 
onas stratum. of red. clay which, it v was as believed, v would give a a relativ ely high 
to. water even in minute quantities. Furthermore, there had been culvert: 
appreciable settlement of the structure after the slight initial movement during floor of 

construction. W hen the course of investigation it developed ‘that intil they w 
—_ tration: of silt was taking place at an alarming rate, the s ‘scope pe of the ‘under. therefo: 
a taking was broadened to include the determination of a method of stopping When F 
the leakage. Grouting by the ‘pneumatic process while the pressure below the the doc 
dock wa was relieved through a vent in the floor, was decided ‘as the most silt-lad. 
"practical | method of ‘repairing t the dock. Qu 
7 ® he : repair work: consisted not only of stopping leaks throu 1 construction determi 
joints, but also” of closing | fissure in the clay s stratum. that was feeding the these 1 

_ leaks, and of filling a cavity which had been eroded under the floor of thef® dock, w 

dock. Tn spite ‘of some unforeseen difficulties which necessitated slight devia- at the ‘ 
tions from the original plan of r repair the process eventually proved successful * The 


3 dry dock at the Philadelphia Novy Yard, o one of the largest structs dischar 


the enti 

type of 
boiler 

to determine whether or not the’ of silt and fine material being 

a 7 
washed into it, was great enough to jeopardize the if whit 

measures should be taken to correct these conditions. a 

Character o of Inflow—A most careful inspection of the dock 1 preceding ie is 


 jtilagiie: of the rate of infiltration of silt, disclosed three | general classe 
of | leaks. The most important consisted of those carrying silt, , generally fro 
# 


the transverse construction joints in the dock floor into the drainage culverts 


__ Norg.—Written discussion on this paper will be closed with the May, 1925, Proceeding! 
When Lieut, ©. ey the paper, with discussion in full, wi hed in Transaction. 


— could 
4 
4 
— 
— 
— 
— 
> 
i 
> 


4 


As an experiment one of the larger of these was caulked, using cypress wedges, 


with the result that the leakage promptly - appeared on on the _ dock floor through 
the same construction joint and, later, when caulking | of the joint in the floor 


“ips 


was commenced, it persisted through the construction. joints in the side- ‘i 
This indicated that very little in the way of permanent repair of the dry « dock — 
‘could be expected | by caulking, because practically « every y joint in the dock 
would ultimately | have to be caulked as the water wi as forced to seek more and 

more tortuous channels. _ There was also a strong probability that the caulking 


w work out in time. A few silt- leaks occurred at 


‘through construction joints in both | the floor and side- ‘walls ; they were not 
silt-c -carrying, but were characterized by an acrid odor | peculiar to w rater 


ulverts IM the strata lying between the river silt of League Island and the blanket of re 7 


Ss color ¥ A third class of leaks, minor in importance, consisted 0 of. river water pass- - 
1s built f ing through construction joints” from: the filling culverts under the full — 
ly high head causing in inflow into either the interior of the dock , one e of the drainage 2, 


een no culverts, or the. pump- -well. _ An examination « of ‘the : sanitary ‘Sewers: in the 
during & floor of the dock | provided for the use of ships in dock (Fig. 1) showed that 
t inf they were full of silt-laden water under a considerable head. | Being useless, 7 7 
under. therefore, they had been blanked off from the sewage pumps in ‘the pump-well. . Lt. 


topping fF When a: any one of the bronze caps were removed, w ith which the sewer risers to 


low the & the dock floor were fitted, the on, en a brisk “full bore” stream of 
most silt Jaden water ¢ on to the dock floor. 


Quantity ¢ of Leakage. _—The rate of flow from the individual leaks was next, 
ruction determined by diverting the water into a measuring receptacle of some kind, | = 


ing the# these r receptacles varying in size from a 1 gal. bucket 1 to the rudder pit of - 


of the F dock, which was used to me measure the harmless leakage passing under the caisson 


cessful The sum of the the individual leaks was” checked against the 


and total leakage | by installing weirs in four of the drainage culverts where they = 
uctures discharge ged into the drainage pump pit, and -elosin g the other culverts so that 

ria, Pall the entire flow to the pumps passed over these weirs. At first a somewhat crude — 


e dock ‘ype of weir was cused, but this was replaced later byw weirs car refully made from 


of 1921 boiler plate, with ‘machined crests, for which measurements: of he: ad were 


1 being obtained with hook- "gauges. Readings were taken at frequent: intervals each 
day for 30 ‘days Ss. _No appreciable change oceurred i in the rate ° of flow | between : 


high and low tide, or between the beginning and end of the 30- “period. 


The total leakag e, as the was as 
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REPAIRING I LEAKS: IN A DRY pocK 


This figure ure closely y checked the sum of the individual —_— which was 141. e. 


| The data obtained | from the inspection were plotted on a plan’ of the dock, 
Fig. 2 + & with notations as to (1) t the character of the flow from each leak; (2) 
the rate of flow; and (3). the exact location of the ‘construction joint, ‘crack, 
or other orifice from which the water was issuing. a Data on the subsequent 

7 grouting operation also a appear on ‘Fig. 


Soil Content in Leaks.— 


‘orl of solid matter being carried into ‘the dock by each leak. For this ma 

7 samples s of water from the various leaks were taken at frequent intervals and 


i) at the Navy ‘Yard. ‘The results| obtained were erratic, probably being influ- 

eae enced by ‘the exact position n of the receptacle i in which the sample w: was caught — 

with relation to the orifice through which the ws water was flowing. However, 

results” that were consistent and, therefore, of value, were obtained by sam- 


the percentage of solids i in them was determined in the Chemical 


pling the flow over the weirs in the drainage culverts each day for a month . 
thus determining the total rate of infiltration the dock rather din 


al’. 
_ The method used in determining the percentage of solids. | was, as as follows 


A L-gal. sample of water was filtered through filter paper of a character = 


quantitative analysis). ’ The material remaining on “the ’ paper —— 
was then dried at a temperature of 100° to. 105° cent. until no more ‘wolite 

could be driven off. Two small quantities of the dried material were removed, — ' 

_& and the weight and specific gravity of one of these small samples \ were deter- _ 
mined in ‘much the 2 same W way as for Portland ‘cement. The other sample was 

weighed, heated to incandescence, and again weighed determine the loss 
due to ignition. The filter paper with the major part of the residue was ‘then 
| heated to incandescence, the paper i itself becoming ash of negligible quantity, f Y 


and the material then cooled and | weighed. The correction factor previously _ 


obtained for the loss to ignition was then n applied to the entire weight 


F of the ignited residue to give the total weight of the dry material suspended © 7 > 


ig in the water. ‘From the weight and specific gravity of the material, its stn 


Using the average percentage solids in 1 the weirs: s 

for one ‘month, the situation to the rate of erosion under the 


~ 


Foundation Erosion —tThe specific grav ity representative sample of 


the red clay on which the dock rests, had been determined while the excava-_ 


tion was i in progress. From this and the specific gravity of the dry material, — ; 
the pereentage of voids i in the clay was computed as 17 . Therefore, , accord- 
ing to the best available information, the gross volume of solids carried | into 
the dock was 38.85 cu. ft. per day. That this figure was probably. somewhat 
in error was fully realized; the most doubtful factor in the computation, but — 


by no means the only doubtful factor, was the assumption that the voids in 


all | the eroded material averaged 17 per cent. The investigation thus far 


ore 
—_— 
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| An attempt was made to determine 1 fhe quantity quantity 
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REPAIRING LEAKS IN ‘GROUTING . 


Cu.Ft. per M Min. fof Grout] after 
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Carrying! Carrying 
Equal Leaks into East and West Culverts and Floor 


0.5 Cu.Ft,through cracks from Sewer, 0,3 Cu, Ft. is 
into West Culvert 


Z 


oO 


Into West Culvert through Construction Joint 


Through 2 in, Pipe from West Wall to West Culvert | 


‘Through 3 in, ». Pipe ‘from West Wall to West Culvert 


8 | Into Cross-Culvert, 35 Ft, East of Center Line a a 


To Floor Construction Joint, ut 


To Floor through Construction Joint a 


5+ 92| To Floor through Longitudinal Joint -- 
=a 
5 +68 Trace through Joint to Floor @. 


5 Through Construction Joint to Floor il 


fas 


going 
but: it 
‘restec 


4+98] To Culverts through Construction Joint 

4 +73 | Through Construction Joint to West Culvert ‘ 0 
4+ 49] 3-in, Pipe from West Wall and throngh Construction j large 

00] Trace through Construction Joint to Flor matic 

if 


h Constructi West Culvert 


24 
Construction Joint to 0 West 
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i 


severé 


Through J te Floor 
Pressure Relieving Vent 1 
Through Construction Joint into West Culvert 


Through Transverse Crack into Culvert Shaft West Side 
Through Construction Joint to Floor West Side os 


2+-09 | Through Construction Joint to West Culvert and Floor 


= =» 


appro 


1+-18 |Through Construction Joint to West Culvert th 
0 Through Construction Joint to Culverts and Floor : | he d 
4 | Through ConstructionJoint to Wall from Filling Culvert 
+s Through Construction Joint to West Culvert and Floor ¥ unde 
0 Through Construction Joint to Rudder 
0+ 25 Leakage past Entrance Caisson innate 


of YARD that Grout worked along to Leak stopping it and rendering Water 
LEAKAGE BEFORE AND aids specific Grouting of the opening unnecessary, made 
_ AFTER GROUTING © Construction Joints in Floor appear as fine § solid line. — 


pt 
‘ 
8+21 1.5 | 0.0 --- == 15.2 | 0.0 | 00 
1+0) 6.0 | 0.0 }--- =F Weir No.8(#See Nofe)0.0 | 00 | & 
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EPAIRING LEA KS IN A DRY DOCK BY GROUTING 


ha shown, however, that solids or solid 1 materials were being carried ‘into ro 
_ dock at a rate of from 1k to > 13 cu. yd. per day, with ‘the possibility. that the 


“rate was as high | as 2 cu. yd. per r day, and the « certainty that it was at least 


seriously i ; injuring the dock, or destroying it. 


TABLE 1. —Enosion FRo mM LEaKacE. 


> 


irak ‘Flow, in cubic Average percentage | Net volume of solids. 
vile per day. of solids for a month. in cubic feet per day. 


was ‘impossible to ‘roughly: how | long erosion. bedi been 
‘going on at this rate, or to what extent it hac “seen under the dock ; 7 


but it was evident that a large quantity of subsoil material on. nm which ‘the dock 


“te rested had been ws 
floor of the dock. That ithe: floor had “not settled ‘that 


the e cavities might consist of n numerous small watercourses, instead of a y few 


large openings. © Rough approximations gave the > extent of these cavities as 
« 
Several hundred cubic” yards, one estimate being 600 cu. yd. approxi- 


mations had some bearing on 1 the methods ev entually_ selected | for grouting 


the: leaks and cavities, ‘they indicated the necessity ing on hand, 
before com 


= 


factory repairs. A study 


investig gation. 


. Construction ‘Records. —During the building of the dock, water encoun- 
tered i in the str ata of gravel and sand overlying the red clay on which the dock 


floor rests, had giv en such serious trouble as to « cause radical changes in the 
“original x method fey construction and, by the time excav ation had progressed to 


approximately ft. below mean low water, necessitated ‘modifications 1 


the design of the dock. Similarly, water er from a stratum of fine white sand 


ire 


underlying: the red élay, had given serious wherever a fissure in the 


rai. 


“clay let the water and sand flow through. 


‘The original se scheme of construction had wand practically 


call the excavation with a suction dredge, working inside a 


- dock entrance when the work had progressed so far as to require lowering “ 
ig 
"water in the | excavation below 1 river level. “Tn this 3 manner, wood progress was 


“made ‘until a depth of from oT ‘to 30 ft. below mean low water was reached, | 
When the sides of the e excavation started to slide. TD: 


Ani inv estigation showed the ‘ trouble to be due to an inrush of water from — 
the Sand and gravel lying ‘below ‘the: river silt that forms en 
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LEAKS DRY DOCK BY GROUTING 

It to ‘suction dredging farther; as fast: 
pre more abana excavation was removed, the banks slid in, because of the 
, and it was impossible to maintain 


aa side slopes, if Nu umerous core ‘borings. taken « on the site before ‘the 

weal was commenced , had shown the existence of the stratum of clay on 7 
which the dock w as to rest, but had not indicated that serious trouble with 


in investigation and desig n, was re-commenced “in the dry”. The 


entire excavation surrounded with steel sheet- piling driven well ‘into 


the red clay i in order to prevent any flow of water from the stratum of f gravel, 


the large area thus surrounded was s subdivided by transverse 1 TOws of occu! 
steel piling spaced from 300 to 400° ft. apart. The sheet- -piling was braced “conti 


and batter piles of timber. As it was” considered unwise to risk bye 
large deep opening, the excavation "was made in sections just ‘long 


"1 - enough to permit the placing ¢ of one strip of floor at a time, each k being ‘the full git 
- width of the dock, but varying in length from 10 to 30 ft. As soon as a section Bary 


: of flooring had set, the excavation was widened to accommodate the adjacent 
4 sections of side- -wall foundation which w were poured soon as p possible. 


7 steel sheet- -piling at the sides of the excavation was left in place (Fig. 1) ae . 
aa 


"detailed description of the ‘methods | of construction, and the manner of han- ~_insts 


- dling the heavy shoring required to | brace the sheet- -piling, has ssid been that 


During the entire course of the construction of the floor and the founda- 


; ‘thot for the side- walls more or less trouble occurred with water getting through 


the shicet- along sides of ‘the excavation at where the e piling had 


combat leaks through png dams were 
structed outside and, in. these, pumps were installed to ‘intercept the flow of. 


water before it reached the main excavation. z In some cases pipes were placed 


the floor of dock to harmless such to 


aii"? 


difficult. to ‘handle. The procedure w as to build over a he 
timber crib with an opening toward ‘the dock entrance of ‘sufficient size 
permit the entire flow ‘to escape without building up pressure within the ‘crib 


. The leakage was then piped from this opening toward the dock entrance into. 


temporary sumps from which it was pumped out of the excavation; the pipe 


was: extended and the s sumps ‘. ere moved tow ar the dock entrance as the con 


bai: 


‘struction of the floor progressed. ‘After the floor had been placed 
fa 800 ft. beyo ond the leak, the pipe was plugg ged and the leakage thus stopped. . 
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method, satisfactory i in the case of several small openings, 
- did not meet with unqualified success when applied to the large fissure in the 


the ou 
hee red clay at Station 2+ 60 from the ‘entrance caisson ‘seat, a little to the east 
‘the | 0f the center line of the dock. After this leak had been covered, and when 


almost enough flooring had been placed to w warrant plugging the discharge 
Deal pipe, the floor of the dock in the neighborhood of the leak settled slightly. 


mith shearing the discharge pipe at the construction joints and, as it developed 
later, shearing the terra- cotta sewer pipes at the same points. ~The settlement 

Jam was more pronounced at Station 36 than at the fissure itself, and there 

aig, was no means of telling” whether it was due to the erosion of material from 

The beneath the clay blanket by the leak, or whether it was simply from the natural - 7: 
into compacting v under the weight of the ‘floor and 1 side- walls. No leakage appeared 

el, on the floor of the dock and it was thought that no trouble would 

3 of occur when the discharge pipe from the leak had b been plugged, pumping dis- 


continued, and the dock completed by ‘the construction of the caisson seat. “4 - 


layer of concrete was 8 placed on the sections of floor that had settled 80 as to 


full The fact that the serious leakage into the completed dry dock was all silt- 

tion bearing and of the same g general character as the flow from the fissure in the 7 ; 
ent. _ red clay at Station 2 + 60, indicated that this fissure was probably the source, : “4 
The ‘and that water from, it was working its way under the dock to the construc- 
tion joints, through 1 which it entered the drainage culverts: and, a few 
aia. instances, appeared on the floor. There also seemed to be a a strong probability — 


that the 8-in. terra-cotta sanitary sewers in the lower part of the dock + floor: - 
were carrying leakage along from one construction joint to | another, as settle 
ment of the floor had undoubtedly sheared or cracked the terra-cotta pipes’ a i: 
‘the construction joints and, as | has been stated previously, both sewer pipes q 
were ‘filled silt-laden water under a considerable pressure. Therefore, 
the plan for repairing the houk, was based on the assumption that all the silt- 


carrying leakage originated at the fissure in the red clay at Station 2 + 60. 


Two general ‘methods of grouting the leaking construction joints in the 
wilt dry dock were considered. The first of these, | which had proved moderately — 
sto “successful in stopping ‘small leaks through the floor where the most 
one Settlement had taken place, was t to insert grout pipes into. construction joints 
Ss and leaks in the floor when the dock was empty, to extend the pipes to the | 
on Hf coping of the dock, and to connect them to a compressed-air grouting machine — 


of the usual type. The dock was then flooded and was forced 
og | e long and necessarily somewhat tortuous piping. The great advantage of 

a the method was that it assured proper corditions ‘under which the ‘coment 
set, because with the dock flooded pressures inside and outside were 


equalized and there was no flow to wash out or disturb the ‘grout. The method, 


was open to two serious objections: ‘First, it ‘would necessitate the 


= frequent and expensive flooding and ‘unwatering of the dry dock as ‘the work — 
— . -Progressed ; and, second, the > long lines of pipe leading from the | coping to 
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Papers 
% floor of the dock would be likely to become choked before the cavity had been — 


"satisfactorily filled with grout. ‘boat fst 
second ‘method, which was ; adopted, ‘contemplated drilling a large 


_ through the floor of the dock into the big fissure in the clay blanket at Station 


; 2 + 60, thus allowing the leakage to enter the dock freely through this : arti- 
relieving vent and reducing the flow through 
joints and other le shee, dene that they | could be grouted with the dock empty. 
_ Those leaks | most remote from the fissure i in the clay were to be grouted oe 

> "progressing from both ends toward the fissure, re, until the entire dock was tight 


with the exception of the relieving vent. Grout pipes» were then to. be con- 
4 norted to this relieving vent and led to the coping, the dock was to be flooded, — 


| any cavity which might ‘exist below the vent, was to grouted 


machines placed on the pavement at the side of the dock. tur 


Drilling —The actual work of repairing the « dock was started by drilling 
the relieving vent eens the floor of the dock over the fissure in the red_ 
clay. ordinary portable. Artesian well- -drilling rig was used and did the 


7 — work quickly and effectively. In Fig. 3 is shown the outfit at work on a grout 
hole, after the relieving vent had been finished. Details of the relieving — 


shown 4 in Fig. together with the of grout used later 


to: a a depth of 5 


ow third the floor could be controlled when the drill biedke into the a: 


th ke 
below. Drilling was then resumed. with an 8-in. tool and carried through the 


dock floor ‘and the timber crib which | had ‘been built over the fissure in the 


clay. At first the flow was disappointingly small, but it soon increased to 
the quantity shown in Fig. 4. An examination, of the v various - leaks in 1 the 


dock showed that those near the caisson stopped flowi ing “entirely when the 


“In. valve on the vent was ‘opened and all the others ‘were greatly reduced 


‘There w was every indication that ‘the proposed grouting. program 


i for the. next stage of the work, enw hed 
ott As rock drill was used for ‘drilling groui holes into construction joints and 

‘cracks. This work was slow as the drills” frequently jammed. Fig. 2 

“the! locations of all the grout holes and the manner i in which they were placed 

in pairs at opposite sides of the drainage culverts to insure the grout Ww orking | 

around them. In Fig. 5 is shown a typical grout hole “near the 
"relieving vent, also’ - the: method by which a Piece of 2-in. pipe was fastened 

2 into the concrete with a caulked lead joint to permit the attachment of the 


‘> 
hose from the grouting machines. ows ‘of 


holes were: carried almost through the floor of the dock, as | 


3 


Drie the caisson were drilled first; ‘the drill gang was then 


| 
eer” 
| » the hole and seeurely fastened with a 
ia 
a 
: 
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moved toward the relieving vent, preparing each leaking joint fot’ the grouting 


gang which followed closely. In many cases the grout worked along “under” 
che dock a number of feet, closing other leaks (as noted in Fig. 2). ~ When — 


she vent was reached a number of closely interconnected leaks near- by 
grouted and the gangs were then moved torthe head of the dock, from’ which . 


RE 


* 


they. a again ‘started working toward the vent. 

= 


4 


Joi a bil 
Grout Hole drilled with nol 
task alt at beur 


Grout Pipes. 24 Pipe’ Caulked ‘into r 


tile 


sige 


Lead poured and caulked 6 

to enter Drill Hole To ben 
tind 
hers surat aye ul oF it 


This Grout Hole carried through Floor hug sto ol 


Typical Grout Hole carried to here only 
| All grout holes were drilled with the pba drill except two ato posite sides 


of the west drainage culvert in the construction joint at Station 3+ 06. ‘This 
leak was Particularly’ large and the grout holes were consequently bored with 
Artesian well- drilling outfit, using a 6-in. bit, so. that there would be 2 no 


A 


“ort 


question: about § securing a satisfactory channel for the grout to reach the bot oh 
tom of the construction joint. These holes also differed from the others in! w 


that th they were carried completely through the floor of the dock. ov 


pies 


Miving and Placing Grout.—The experience of the: contractor in 
Bie leaky ‘cio of floor at Station 2+ 36 indicated the n necessity of main- 
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Thereafter, ‘three grou exputing:; machines were mounted as a a 


the grout agitatiog, it with air ‘at the bottom of. ‘the tank, causing 


= contents to “boil”; the third machine used a paddle- wheel driven by a 


ed-air engine. machines worked well. throughout the job. 
was found necessary to use ne neat cement in grouting small cracks while 


an equal mixture of Portland cement and fine building sand was used i in the 


larger cracks. Grout was mixed to the ‘consistency of thin ; gruel. The tr train: 
= of the crev crews to. -ordinate the operation of the ‘three machines: was the 
most difficult part | of this work. When once the “got the shang of the 

7 thing”, , the work went smoothly « act with very Tittle. interru ption from choked 

grout pipes. Compressed a air at full yard pressure— 100 lb. per sq. in.—was 
ys in foreing the grout into the leaks. Lower p ‘pressures: wer? also tried, but 
they led to frequent trouble wi with choked pipes. | Soft wood wedges were use used 

to caulk joints in the drainage culverts ‘temporarily an¢ and on | the dock floor t to 

Overcoming Difficulties Ni ear Station 2 + 36.— placed in three loca- 
tions near the caisson seat by the methods deseribed completely stopped ‘all 
silt-e: -carrying leakage in the outer 200 ft. of the dock. It was believed that the 
technique of the work had been so. thoroughly « developed during these first: 


_ three operations that no further trouble would be experienced in ‘finishing ‘the 
= The job did prove quite: so simple, however. While a night shift was. 
‘grouting: leaks i in the west side of the dock, near ‘Station 2 es 36, a big erack 
opened in the floor through which a large volume of water entered, cnotwith- 


the ‘relieving vent was wide open. The ‘recently placed ‘grout 


a serious situation—the dock 
"floor was to have lowered several to have cracked ‘where 


settlement had occurred during. construction. In sinking, however, the main 
oS floor had pulled away f from the thin upper layer of concrete which had had pre- 
viously been added to bring the floor to grade. ‘The new settlement and “crack: 
ing of the floor, therefore, had not been noticeable ‘until the grout worked i its 
way between the floor proper and the thin top layer, thus forming a 


blister which burst and showed the of affairs. od 


| thoroug 


lished 
“until ‘the flow of water through. the crack was and the pos practic 
| method of accomplishing this was ‘to increase the flow from the relieving vent. 
.? A 6-in. electrically. driven centrifugal pump, , therefore, was connected to the 
vent to increase the flow. Originally, wire ‘Strainers were installed betweet 
the 10-in. valve on ‘top of the vent and the pump, but removed when they were 
found to clog. with lumps of clay that readily passed through the | pump. With 

the pump running, there y was no leakage o1 on to Me; Boor through the newly 
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Fic. 6.—THREE GROUTING MACHINES » Mounrsp AS A BATTERY ON TIMBER PLATFORM 
IN ORDER TO TO BE READILY BY Dry Dock CRANES. 
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‘opened | crack and very little lint the drainage culverts. Grouting was 
sumed, therefore, ‘and carried on without further mishap. bus nit 16 
em A number of grout holes were drilled in the floor of the dock in this area 


where settlement had taken place so as to intersect the settlement crack and 


permit its being completely filled with grout. - Some old grout ‘pipes. left by. 
‘the original contractor. were also uncovered when the false floor was removed — 
cand one or two that did not seem » to have been thoroughly filled were opened ‘ 


and grouted | again. ‘The ‘settled section of floor - was then brought to grade 
with conerete. At this stage of the proceedings, the terra-cotta sewers in the 
“dock floor were blown free of si silt and then grouted, as they were evidently — 
“the: channel through which much leakage was traveling up. and down the 
dock from the fissure at Station 2+ 60. In all, more than 1000 cu. ft. 


grout was placed i in the west side of the dock floor between Stations 2 a rl 


and 2 + 82 before the. leakage was stopped. bonuit ofl 


Completion of Grouting of Leaks.—The leaks between Stations 2 60 and 


progressing from both of the dock t toward ‘the relieving vent. ‘This w was 
done because there were 1 many indications that they w were _ closely connected al 
could be advantageously repaired together. When all these leaks had been 
stopped, and the grouting » had held for a few days nite the relieving pipe | 
closed, the machines were taken to the head of the dock and the r remaining a 
were ‘grouted the original plan. haw A dt mottos 


the closed, showed that all silt-earrying leakage had 
stopped, but that the clear side-wall leakage had not been affected. The total 
flow over the weirs was ‘then 75.0 cu. ft. per min. and the total of the caisson 
leakage (clear water entering the. flock from various sources), and non- silt- 


carrying side-wall leakage, 74. 6 cu. ft. per min. The flow from ‘the dock floor, — 
therefore, was negligible. There was still in all probability a considerable 
“cavity, under. the dock, however, and repairs to the dock could not be con- — 


sidered. complete or satisfactory until, it had been filled. gr-obie oft of 


Ahn 


Preliminaries.—Four -in. pipes were ‘suspended from a cable slung across 

the dock so that the ‘pipes’ t ran straight from the west coping to the "Rlloiiiig 
vent. ‘Three of these pipes were connected to the relieving vent with pieces 

of 2-in. fire hose, as shown on ‘Figs. 5 and 7, while the fourth ‘was run to an - 
independent grout hole ‘drilled “near-by. -in. pipe was slung with the 
others and connected to the relieving vent to permit the escape ‘of any air 
that might b be carried down with the grout. Before the dock was flooded a— : 
light line wa was made fast to the body of the valve on the relieving vent to > on 
- enable a diver to find it readily as the water of the Delaware River is so dirty o a 


iti is ‘impossible to see « anything at a depth o of more than 8 or 10 ft. In the 
"meantime, 


the grouting ‘machines were given a a thorough overhauling | and set * 
“Pp on the pavement to: the west of the dock so that the flexible hose from 
the battery of machines could. be > readily connected to to any of the four grout 

-% 
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ae pipes. Materials fo for several hundred | cubic yards of grout were also assembled 


at the machines and arrangements ‘made for ‘the quick meee ‘of more sand 


7 hit _ Operation.— —Grouting « of f the he cavity under the floor was started on Monday 


5 ‘morning, December 8, 1921, three. complete . shifts of men having been organized 
i _ and trained in the operation of the machines so that there would be no interrup- 

#4 tions in flow. The work lasted 112 hours during which time 255 cu. u. yd. of 

grout were forced under the dock floor. f ot of T Battier earth 1 
‘The long } pipes s proved liable to stoppage in spite of the straight leads that regs 

had been provided; two of f the fo four pipes choked up prematurely and became with t 


= “useless. ot All four pipes were thus affected off and on during the progress of of the | “low er 


- grouting. . When the pipe in use choked up, the battery of machines was at -distan 
: a once ¢ connected to another pipe a: and efforts were then made to free the disabled | found 
while the grouting continued. Aa é- “in. pipe, long enough to reach “down Settler 
‘a a grout pipe to its: lower hose ¢ connection, proved to be most effective in 
freeing the choked pipes. An air hose was ‘connected to this g-in. pipe so that dock 
“- 4 “everything i in the grout pipe above the stoppage would be brought out by air- f ctacke 
—sdift action. The pressure of water under the dock would then usually blow = 
out the stoppage and free the pipe. ib ad on the 
ie eat cement was used for the first few hours of ‘grouting i in 1 order to reach _ towar 
3 the more remote parts of the cavity and ‘provide a good bond between the = 
- bottom of the dock and the 1:1 grout that was used during the remainder of ‘eam 
i = the operation. o 4 As the work progressed frequent inspections were made by 4 except 
diver of all conn-ctions and also for a possible filling of the drainage culverts F “Tne 
- - with grout, by soundings into the culverts from the floor drains, using a long ee 
. _ Stick. Although all possible care was taken to prevent the entrainment of air, ang ta 
‘ - there was undonbtedly a great deal carried below the floor. The 1-in. - vent babii 
pipe was used to get rid of some of this air and s some 1e found its way through ue Re 
leaks in the floor, causing violent bubbling. woldigiizes saw the 
repair 

After 108 hours of work, small flows of grout appeared from construction bei 
‘joints in the side-walls of the dock above the water line, indicating that th FOS 
cavity: in the red clay was completely filled and the grout was finding new vat 
"channels of f escape. - Grouting was | continued, therefore, to the end of the shift foots 
“for good measure” and was stopped at 4 P. M., on ‘Friday, December 1 2, 1991, aliie 
ae just 112 hours: after it was commenced. The grout was allowed ten days in eee 
which te to set, and the dock was then unwatered. Inspection show ed. that all 
* as carrying leakage had been : stopped, but that, as had been. expected, the “it bs 
clear side-wall leaks had not been affected. No appreciable quantity of grout ‘ing be my 
had found its way into the drainage culverts or on to the dock floo 


“culverts ‘were successfully ceaulked with lead ‘wool and oakcum after ‘the ‘com 
pletion: of ‘the grouting operation. method was also. applied to leaks 
originating i in the filling culverts. Tt then developed that one of the sewers in 


the dock floor had been en imperfectly filled with grout, because of its as onan 
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mud was blown out, silt-carry ing leaks, developed in 
several construction joints in the the drainage culverts, but but t stopped 1 when the — 


RESULTS OF Erosion DiscovereD Laver 


As an aftermath to this repair work it is interesting to note that the 

- erosion of material from the leakage evidently did cause some settlement of the 

earth alongside the dock, or rather a settlement of the red clay blanket i in nthe 

ee vicinity of the fissure in the clay. This settlement made itself known by trouble — 


with the 81 in, . terra- cotta sewer from the pump- a toilet, which runs s along the 


distance of 57 ee on porn side of the dick? near the | pump- -well,, ‘the ‘pile 


foundations and with them the concrete foundation for this crane rail had 
settled, leaving the upper 103 ft. of concrete as an unreinforeed beam or flat 


arch carrying the erane. The ‘maximum: ‘settlement was: in. The 
dock — had been - operated over this section of their travel, but had not 


cracked the concrete where the ‘settlement took place. ‘The verack under the 
ole 


rane rail foundation was 2% in. wider on the side away from the dock than 
on the near side, indicating a considerable lateral movement of the clay b blanket 


toward the dock in the general locality of the worst leaks. The ‘settlement had 


apparently taken place before the leakage into the dock wad atobbed ai as a careful 


examination of the crane runways showed that they had not settled anywhere 


exeept near the old leaks and that the settlement was: not progressing. — The 

crane e rail was repaired by. tamping the s settlement erack fill’ of 
“cement mortar or thick grout 

a i Repair work o of this kind « cannot be pronounced unreservedly a success until a 


“the lapse of a number of y years | without a recurrence of the trouble which the 
Tepair attempted to correct. 9) big dry dock at League Island is accordingly 
being kept under close observation ; in the ‘meantime, it is being used and is 


giving n no indication that fur rther settlement or or will « occur. te 
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HYDRO. ELECTRIC POWER AS A ‘BY. ’-PRODUCT 01 


_ Everert N. Bryay,* M. Au. S 0. C. 


: _ The recent mar ked advance in the art of building high dams has made 

4 available a new source of power—a_ by- product of ‘the release of water to re we 


an irrigation demand. These by- product power developments h have 
= characteristics peculiar to ) themselves, most ‘important of which i is the 1 remark- ihe 


able way in which the output curve follows, the demand curve of adjacent -surrou 

irrigated areas requiring power for pumping. ‘The ultimate amount ‘of powr 
hat will af “concer 
; that will be available from these plants w: will govern the agricultural development 


of areas which | would be without water supply if it were not for this relatively 


cheap: and abundant source of power for pumping. ‘This paper further pre: 
_ sents some of the. unusual problems in ‘the marketing of this power toward 


: the solution of which little progress has yet been made, and some of the dangers 


connected with this: type of ‘development which should be recognized and 


Comparativety New Type or DevaLopMENT engine 


Engineering science has recently entered upon an era in which the opera Tdaho. 
daho, 


n of irrigation storage reservoirs is to deliver a considerable block of hydro- cect: 


4 
more d 


tio 


electric energy purely asa by- product. “Although th the United States Reclamation 
‘Service 1 was the pioneer in this type of development, the first plant to be con: | 
structed in California was that recently completed at Don Pedro on the 
Tuolumne River by the Modesto and Turlock ‘Irrigation Districts. Another 
similar plant is already in process of construction by the Merced Iesigstion | 
"District | at Exchequer on the Merced River. Plans are also ‘now well under 

for the construction of others: at t Melones on the Stanislaus River, at | 
Millerton on | the San J Joaquin River, and at Pine Fil lat on the Kings River. “gr 

; 

oilk San Joaquin Valley i is leading in this movement, as ‘might be expected $1 B ition py 
account of its more advanced agricultural development and more urgent 1 need 

agricultural storage, but such a combined storage reservoir and power water 
plant to be located at Iron Canyon near Red Bluff = the Sacramento River is 


has been u | under « consideration for a number of years 2 - Although the present 

; development of mining x débris dams and power storage on the tributaries of the 
‘Sacramento River may retard the early development of 


When finally closed the paper, with discussion in full, will be published in Frensactions. es 
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t ‘storage lower reaches of those tributaries, still the ultimate construc 


tion of such combination agricultural storage and power projects in the lower 
reaches of all the main tributaries of the Sacramento and San J oaquin Rivers 
There are certain peculiarities. of: thee: power plants and their ou output 
which place them in a class apart from all other installations. A ‘They are even —_ 
‘distinctly different from ‘such composite developments: as the ‘project of 
Yuba River Power Company on the Yuba River, where irrigation, mining, and « 
power are to benefit jointly, and 1 in which case if the benefit to either enterprise e. 


shai may be considered a by- product, it i is s the benefit aed stored w ater delivered = 


It is the purpose of th this paper, first, to invite attention vata certain peculiar 


to 
h * characteristics of these rp power installations in which the output is purely a a by- 
ave 
product of agricultural storage; second, to consider briefly the relative im- 
1ark- 
portance of these installations; third, to discuss certain conditions which 
surround the marketing of this by-product; and, fourth, t ‘to sound a warning» a 
concerning ‘the dangers which beset this type of - development. 
to tooo [ato Onaract ACTERISTICS ‘or By-Propucr Power Puants | 
ward Effect of Recent Advance in Art of, Building High. ‘Dams. —These by- 


ngers product : power developments have been made possible by recent rapid progress - 
and | in the design and construction of high dams.. The highest dam completed at the a: 


Et close of the Nineteenth Century was: the | Chartrain, or Tache, Dam, designed 


by French engineers and completed i in 1892 with a height of 174.7 ft. Since 
: : that time leadership i in the art has passed to American. engineers, particularly th the : 


2 
the pleted twenty- -five years ago. It is this improvement. in the design and. con- 


engineers of of the U. S. Reclamation Service who. have 
pert over 200 ft. in height, one of which, the Arrowrock Dam, on Boise River in a> 
Idaho, has a total height of 348. 6 ft. Now, they are proposing something far 
‘ation (OTC dating—a dam at Boulder Canyon on the Colorado River which would ; 
ees: ' tower 735 ft., or more than four times ‘the height of. any that had been com 


struction of high dams which has | made possible the huge ¢ agricultural storage 


other possible the sricultural stor 
sation reservoirs which will deliver hydro- electric by- product. att 

under % Output Is Distinctly a By-Product—These power installations are further 

“, at peculiar in that ; the output is distinctly a by- product—purely incidental to. the 4 
River operation of the storage works for the benefit of the lands to be irrigated. Such a : ." et 

ted on Wo wer installation, being in a sense merely a stepchild, is controlled in its cl 

t need = by considerations connected i ith the needs of the true child, agriculture, — ws 
power rather than by the » exigencies of the power market. If the release of stored y * 
Rivet water for irrigation results in producing just sufficient power to satisfy the. = 
vreseD demand for power it is) well; if the release of stored water for 

of te of the land to be inrigated thereby will produce more power than is 

the stored water must nevertheless be released—because the irrigation 
ceding. ton is cannot wait ; if the release of stored water for the benefit, of 
ns. is insufficient to satisfy the instant demand for “power then ‘must 

, Sacra- pres must 


gq power demand ge go ‘unsatisfied (if there i is nos andby plant) unless there i is such, 
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BR a HYDRO-ELECTRIC POWER AN D AGRICULTURAL STORAGE (Papen, 
an abundance of water that some may be be e used only for the ® generation of Power 


Low Cost per Horse- Power Affects Output.— —In t the case of these by 


product power installations 1 the relatively small proportion. of the total cos 
: actually incident to the power development tends to exert a ‘peculiar influence on 


4 the output. A statement of the Turlock Irrigation District (California), 
a on January 1, 1922, proposes that $2 570 000 be expended on the Don Pedro 
- Dam n and only $1 028 000, or - approximately $23 } per h.p., on the power system, 
In the case of the Melones Project, on the Stanislaus River, the estimated total 


cost is $3 173 000, of which $1 516 000 | represents the cost of the | power installa 


tion, at a rate of approximately $47 per installed h. p.—a ra rather extreme condi: | | 
‘3 tion becatise it is proposed to place the power plant not at the dam, as is usual, 
De... a R in order to avoid t the e high cost of long diversion conduits, but at | a point abou | 
.- 7 1 mile down stream where an increase,of 40 ft. in effective head can be obtained 


at what is thought to be a reasonable cost. it tent aur send? 


< grid Ordinarily, the power plant i is located at, or near, the ‘storage | dam, i in which ie 


ah case all, or nearly all, the cost of producing the head on | the turbines 1 may be cy 10 


charged against the agricultural storage so that: the unit cost of the p power 


7 _ installation becomes very low. It makes little difference i in the total cost of the 


“project, therefore, whether the ‘power installation i is for a 40, a 50, or a 60% ides 
hg 


load factor. As might be expected this, in, turn, has a marked influence on the 

ssible output curve of the power lant. 


Output Synchronizes with Irrigation Demand. —Natur ‘the output 


curve of these by-product power installations—which as previously stated arf : 
: ‘the foster or stepchildren of the projects—takes on the peculiar characteristic fa = , 


of the demand curve of the true child, which is the irrigated area to be servel Po ‘ 
a with the stored water. How closely these two curves follow each other is indicatel ) Oa 


on Fig. which i is intended ‘to show the percentage relations | of the monthly 
a distribution of irrigation demand (San Joaquin Valley), of the power ‘output | 
PF of by- -product plants. (San Joaquin Valley), and of the combined load of the | 


after the peak of the power output has passed, They to 


sumer 

an extent, however, that i in cases of equal installed horse- “power 7 17% of the  gTOs Wem 
annual power, output becomes available when and “needed for i rr} ‘gation| 
An additional 5% of the total power output of the by- -produet plan! there: 
becomes available at a time when, under normal conditions, it will b be mos ducer 
easily absorbed into the general power market to replace standby power ger j_Poatdes 
erated by steam or otherwise. To the extent that the power ‘output curve 
the by-product plant falls below the irrigation demand curve in May, June, al ca 

_ duly, such demand for peak power for irrigation pumping can most readily electri 

taken care of by the ordinary hydro- -electric plants” supplying the “genet storag 
plants ¢ can then generate For ‘compatis Projer 


only the monthly distribution of the combined load of the largest utilis 
in California supp oplying electric power is ‘shown on ‘Fig. being 


mbined system Toad 


curve and hence supplemented by stanky ro er. 
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Small Consideration Given to Auziliary Service. —These by- power 
‘ projects are further peculiar i in their lack of w well formulated plans for auxiliary 


or standby service. They are ev ver, considered as forming a 


energy—were it not for a line gaps aggregating 


about twenty- -five 1 miles—could be carried | from the Canadian to the Mexican 
- borders. . Yet so far but little. thought has been given to the construction of 
- auxiliary steam or other standby plants which could meet the demand at times 


of f break: down or ow water. 


talla- 


usual, . ? Monthly distribution of ultimate Monthly distribution of irrigation 
|. power output of three typical demand}for water (or power) on 
about ‘ ‘ by- -product plants (Melones, — # San Joaquin Valley floor according 
‘ained DH) Don Pedro and xchequer ) it in ibis Melee: “Sy to Table 2of Bulletin 6, Div. Eng. 
San Joaquin velar in | & ire.. (Dept. of|Public Works, 


which 
ay be 
power 


> 


Percentage of Yearly Total 


Monthly distribution of powerload 
of three largest utilities Misteibuting 
power in California, 


RELATION OF POWER DEMAND FO i 
IRRIGATION] PUMPING TO OUTPUT OF \ 

BY- PRODUCT PLANTS IN CALIFORNIA 
NOTE: 23¢o0f power demand for irrigation 


pumping lies outside of curve of by- product 


i 


ed are ’ i 35% of power demand for irrigation pumping lies 
9 outside of load|curve of ‘three largest utilities of 
ristis ‘ al., which curve is supported by ‘‘stand-by.’’ 


Lack of State Control.—This type of power development also— enjoys a 


output 
outpu immunity pablie regulation, Ing ‘gener ral, these developments will, 


of 


‘subject to the State control iy? the Railroad ‘Commission 


‘ ‘ - most distributors of electrical energy. As long as the p power r is distributed 7 
shorth 


noe - wholly within the boundaries of the producing district the wishes of the ia 


0 si sumers will influence the officials of the ‘power system, because the consumers 
will also be the voters who. can. elect and recall the directing management; 


bat when power is distributed outside the boundaries of the producing: ‘district 


there is no public authority, except the Courts, which can ‘stand. between pro- . 
ducer and consumer. 000 000 BOS bee O00 OST 


nee of this type hydro- 
in the energy a by- product of agricultural 
} storage, is often under- estimated. _ The installation recommended for the Melones 
Project on the Stanislaus River is 32000 h.p The Don Pedro Project on ‘the 
Tuolumne River now has three 5 000 kv- “a. units with provision in 


* e plant and i in the outlets. constr 


— 
ce on 
Pedro 
3. 
t plant 
ne, al — 
ily be 
gen 
itilitie 
ing 


more. total capacity of about 45 15,000 h.p 
“4 Exchequer, on the Merced River, an agricultural storage project is now being 
constructed i in connection with which it As proposed 1 to build a ‘Power plant 


having « a capacity of 32.000 h. p. Plans a are now in preparation for agricultural 
_ storage at Pine Flat on the Kings River, including a power ‘plant. of 65 000 


interestin; 

pr roduc 

water to 


he p., OF more. Numerous other ‘similar projects are in ‘contemplation in Cali- Projects | 
 fomia at present, but are ‘not yet ‘advanced ‘to a ‘point where their capacity is a 
known with any certainty, zdbunte 10 Pry th 
side 0 


C. La Rue, M. Am. Soe. OC. Hydraulic Engineer of the United States 

~ Geological Survey, i is 3 authority for the statement* that an | installation of about 
— 1000 000 h.p. is practical at the proposed Lees Ferry” Dam on the Colorado 
is that 4000 000 continuous hp. can be developed. in the 670- mile tie East | 


stretch of the Colorado River between the Town of Green River, Utah, and installatic 
Boulder Canyon, a short. distance above the California line. This Colorado hight of 


2 _ River development will probably be of a composite character, however, intended adjacent : 


the Wests 


flood protection, power, and irrigation, so that the project ‘come carefully 

‘he 


is compal 
chequer, 

per annuz 
yield of 
Rivers or 
Theré is 
alone anc 
0.064 hp. 


Monthly distribution of 415 000 ¢ 000 K, W. H. 
annual putput of Melones Don Peg ro and 


Estimated annual output oe | 
200 000 000 K.W.H. at Pine Flat 
on Kings River and unknown 


Power to meet 
agricultural load in San| 
Valley ‘diiting 1923,_ 


and Kern River 1 


included, 


These 

inigated 

tural sto1 

product 

i power dei 

"PROJECTED BY-PRODUCT PLANTS average 

batudé 


Estimated Annu al Output of Proposed Plants. —For. the is destin 


output. of the four plants in the San Joaquin Valley is estimated as fal 
lows: -Melones, 109 000 000. kw- hr.; Don Pedro, 185.000 000 kw-hr. ; Exchequer, bas. 
000 000 kw-hr.; and Pine Flat 200 000000 kw-hr. These are only four of The 


‘six similar plants for the San Joaquin Valley, but their combined 


tribution 
delivered 
it.’ The 


it is stri 


for purposes in the whole « the San 
of Jvaquin Valley from Bakersfield to Stockton during 1923. A comparison of 


_ the: estimated combined output. of the Melones,. Don Pedro, and Exchequer 


in normal years; with the consumption of (power: fox Whol 

in 1928, is shown in Fig. 2. power’ gy 

Soc. Vol! LXXXVI (2928), p. 202. by the 
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Wy Pumping Plants. —It is 


to ‘irrigated areas. The ‘Melones, Don Pedro, and 


Projects are intended to ‘supply water by gravity to a ‘gross area of about 


387197 acres: and the total capacity of the three projected by-product power : 


installations is 109 000° h. or 0.18 hp. per acre. the: “opposite 


‘area of about 68 500 acres served by the Patterson Irrigated Company, 

the Westside Irrigation District, the Byron-Bethany Irrigation District, and re 
the East Contra Oosta Irrigation Company, which proposes an ultimate power a 
installation of 8 800 hp. (0.18 hp. per acre) to pump water to a maximum 
petit of 139 ft. The average lift to this latter area is unknown, but in an ee. > 
adjacent area of approximately 30 000 acres for which plans 
carefully drawn, 0.002 h. p. ‘per acre’ per’ “foot of lift will deliver 1 sec- -ft. to each” 


bi The projected by- product power installation at Pine Flat, on Kings >... 


is comparatively ‘much smaller than those at Melones, Don Pedro, and Ex: 
chequer, because the average yield of the Kings River is only about 2 acre-ft. be 
per annum for each acre rw on the river for water as against an average _ Zz 
yield of 7 by’ the Stanislaus , Tuolumne, and Merced 
Rivers on’ ‘whieh’ the Melones, Don Pedro, and Exchequer plants are located. 
There is therefore no surplus water available for the generation of power 


alone and the proposed by -product power installation is only 2 


i These figures show that in the N orthern San Joaquin Valley the areas now “7 
irrigated by gravity and already constructing, or about to construct, agricul — 7 ) 
tural storage propose in connection with their storage works, an ultimate by- Aa oe 
product power installation equivalent in size to that required to satisfy the ‘ 
power demand of an equal irrigated area which must lift its water through an 
average height’ of 90 ft: When this is considered in connection with “the! 
further fact (see Fig. 1), that the output of these by-product power sndtd Nations , 
synchronizes to'a degree with ‘the demand for power for irrigation 
pumping, it becomes at once apparent how important ‘this type of development _ 7 


a, as 7 

‘Te: is seasonal (Figs. 1 2) of 

tribution, A Either standby, ‘service must arranged or the power must be 

delivered to a market the load variation of which synchronizes peculiarly with hee, 

it.’ ‘The : widest difference of opinion prevails as to its probable value, because ee 

it is strictly a by- -product and there i is no certain way of determining its cost. 

Wholesale Marketing. —The ‘simplest course to pursue in ‘imarketing such’ be 

bower would be to sell the entire output of ‘the plan t, as has’ already been done’ 7 


y the M Merced d Irrigation District in the ‘case of the power to be produced eS «6 


r 
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in 


at passing to the the of providing 
standby service, In In such | case, | the prices received per kilowatt- ‘hour, wi will be 


- = Retail Distribution by Producer.—By a ‘second. alternative the produce 


of such power would undertake "himself to distribute it. This is, in part, 


course adopted by the and Turlock Districts (Do 
4 Pedro plant) which have entered actively, into competition within their own 
“boundaries with | the local public ‘utility. “They began without ‘any standby 
plant or ‘interconnection. which would insure comsumers against interrup 


to service, but the Irrigation ‘District has since “undertaken 
construction of als 250- kw. steam auxiliary. plant, Until such provi: 
for, emergencies are arranged, | is improbable ‘that ‘the installed 


ee at Don Pedro will be greatly imereased. The price of power shouli 


be nelatinely, highee. if the producer is. to assume the ‘responsibility of con 


tinuous service. ‘The ‘objection to this method is that it must necessarily 


draw the producer into the power business to an ever increasing degree and in 
unequal competition with large utilities having an elaborate | standby ani 
interconnections: ‘supplying a d diversified load condition which it is 


for the owner of the by- -product plant to duplicate. 


_ Expanding Project Area to Include Power Demand for Irrigation Pump 


of this by-product power. fe An assured market might be. obtained for a cor 
siderable block of the power by constructing and operating the project either 
AS “Conservancy District” or as a “Public Utility District”, which would 
iaabeds within the project benundiony 1m not only the area to be served by gravity 
with tl the ‘stored water, but also an area requiring a considerable block 


power for irrigation pumping. This alternative has already been ‘suggests 


7 ing.—There is considerable promise in a third alternative as to the disposition 


for the Melones Project, ‘where ‘the original proponents have little use for 


power and desire the ‘construction of the dam for storage purposes. The tar f 


‘payers | within the area to be e served by gravity have been unwilling to unde 
take t the financing of such an expensive project: alone. ‘The method by 


om is proposed to distribute the cost and, at the same 2 time, to gain an assured 


“market. for a large block of the by- product power is illustrative of what ‘Inj 


be done on ‘similar projects. 


- order to build the dam and power- -house, it would have been necessary, therefor, 


for the area of 145 196 acres within the original project boundary to have #f 


sumed a bonded indebtedness of $3 17 3 000, or 85 per Plus an a namo 


inal Project Defeated. —The two. irrigation districts (Oakdale a and 
South ‘San. Joaquin), which it was first proposed should build the | Melons 
pe Storage Dam and Power Project, have. a combined ; area of 145 196 acres. The i 

net capacity of the storage reservoir is 103! 500 acre- ft., and the estimate 
of the power plant i in normal years is approximately 109 000 000 
_ The cost of the dam was estimated at $1657 000 (exclusive of rights of wify 
~ and preliminary investigations) _ and that of the power plant, $1 516 000. he 
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for preliminary expenses, rights of way, and the power distribution system. In 
the original plan it was estimated that with the po power plant. operating on a load b 


factor of 80% anything received in normal years over 1. 98 mills per kw- ‘hr. 
duce would produce a net income tending to reduce “the cost of the stored water 

- part, (which it was the real purpose of the project, to obtain). However, a special 


(Da tax levy for the “purpose of purchasing ‘the lands to be flooded by the im- 


ow pounded v water was voted down by the two irrigation distticts embracing the 

andhy ‘the original project boundary, y, "presumably because it felt 

rrup® the tax burden would be too great. wat elas oh 


riaker Enlarged Project ‘Suggested.—As a result ai an enlarged project was sug- 


gested which would include within its boundary an ‘an additional 70 000 acres 


stallei requiring power for pumping, with ‘the maximum distance of transmission 

should less than 70 ‘miles. Tt was estimated that this ‘enlarged area would require 


an ‘ultimate installation of about 10000 p. irrigation pumping and have 
~_ ‘an annual consumption of approximately 30000000 kw-hr., and that in all 
probability within the time required for the construction of the Melones 


wbthy Project the annual demand within the enlarged area would have grown to. at i 


| east 30 000 acre- ft. of stored water and 10 000 000 kw- hr. of power. 

Disposal of Output and Income.—The Present rates within this area are 


‘wr 75 per acre-ft. for stored w: water and a little less. than $0. 01 per kw-hr. for 


osition 
“power for irrigation pumping. ‘With due allowance for the present downward 
either - trend i in this rate for power it is probable the annual demand of the project 


stored water and power will cost more than $100 000 per year before the 
storage and power works could | be > completed. At that time, there 
ine would be available in normal years a surplus of approximately 70 000 acre- ft. 


of stored water. _ This water | could be used to regulate the flow of the river 
for the. production of power during the season of power shortage and 
the tat this power, varying -betw een 57 000 0000 kw-hr. i in years” and 99 000 
~~ kw-hr. in normal years, could be sold to meet. ‘the difference between the 


under 
$100 000 value | of the benefit received (from the use of stored water and power ae 


whid 
within the project area) and te, gross ‘annual cost of the, Project, estimated 
rat ma at approximately $305 000. bovaviish elite ay fb 
the stored water and the power ultimately needed within the project 


wi sal area, and satisfied by the project works are assumed to have the values of $0.60 
a per acre- -ft. and 8 mills per kw- hr., respectively, the annual cost of the project 
a will be met and there > will remain for sale to other purchasers a block of power 
ale ani vary jing be between 37 000 000 1 kw-br. in | dry years and 79 000 000 kw-hr. in ‘normal — 
years 

es, The 
stimatel 
0 kwh. 


Power Apportionment. —An accompanying diagram (Fig. 3) shows— the 
Way in which the power load for r irrigation’ pumping within the Project area 
- could ultimately be satisfied by. the proposed works. Output curves of the power — 7 
of way Plant are shown both for normal and for dry | years. It will be noted that 
000. In g - only is the demand of the included area for power for irrigation pumping satis-. 

herefor fied in a substantial way without. standby, but that the condition of the 
have #& remainder of the output as regards the sale of the. surplus to other. parties is . 


improved rather wad injured by the demands of the itself. 
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‘The market value of this by- product power i is as yet undetermined and 
is ee subject of a wide difference of opinion. ‘The market value may not 


7 be determined from the cost of production, because this cost. is itself 
difficult, if not impossible, to determine. ‘The power is a by-product and it is 


i 
what proportion of the total. cost of the Project should be charged 
to agricultural storage and what proportion to power. Neither is there sufi- 
cient precedent to indicate the probable m market value of such power, there 


having to the present time only two or three sales negotiated. ~~ pt singe pe 


: 


Depression in power outputcurve 
during July is gaused by} fact that 
first dre draf rt from| storage ¢omes from, 


~ 
a 


Monthly output of 2 32 000 H. Pr 
Power Plant delivering 109 140 - 


__RELATION OF POWER 
OUTPUT TO|AN IRRIGATION 


40UTS 


¢ 


[80000 900 K.W,H. 
pth 


Power Plant delivering 67 830 000 
_K. W.H, in years of low flow. 


“ie 


Kilowatt H 

2a” 


~ Millions of Kil 


Monthly power‘demand of an 
area re uiring 30 000 000 K. W.H. 
for pumping-See Table 2 Bx 


of Appendix a 
v.Eng. & Irr., Dept. of P lie Works, 
State of alifornia, 
Feb. Mar. Apr. May June July Aug. “Sept. | Oct. Nov. ‘Dec. 


Sale of Exchequer Plant Outpu —The first sale of such | power in Cali- 
fornia was negotiated by the Irrigation. District in 1921. The con-— 
“tract | provided that the District would install a generating capacity of 25 000 
1 kw. at Exchequer and that the power company would pay for the output at 
i the rate of 43 mills delivered at the generator switch- -board. _ This rate was 


fixed after an investigation by” the Railroad | ‘Commission ‘and received the 


approval of the Commission, of the purchasing | company, and of the District 
_ However, this rate should not be accepted with too much assurance as indi- 


cating the reasonable market value of such by- product power in other cases: £ 
iss It w was 8 the first block of such | power offered for sale; hal was to be geen’ 
=, 
within 


larger demand for power for agricultural pumping than ‘any ‘other: 


utility i in California; the contract offered the’ purchasing company a ready 


means of ‘meeting an increasing demand for power withor ut the ‘expenditure 


& of additional ‘capital ; and last, but probably by 110" means least, the contract 


Original Offer for Don Pedro t—On May’ 2, 1922, the Pacific Gas 


Blectrie Company made an offer: to the Modesto a id Turlock: ‘Trrigation 


a 
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Districts for’ the Don Pedro power. This offer included several alternative 


at 
rates, as as follows: THI OSS jo. o wolt. Ob aL. 


di @) With an installed capacity y of 15.000 kw. , 4 mills for the first 7 000 000 - 


kew-hr. per month and 3 mills for the remainder. 
- (2) With an installed capacity of 25 000 kw., 3 mills for the first 12 500 000 — 
kw-hr. ‘per month and 2.5 mills for the 
With an installed capacity of 35000 kw. 25 “dalla for ‘the first 7 


18 000 000 kw- hr. per month and 2 mills for the remainder. 


‘of was” acceptable to the irrigation | 
triets and the ‘negotiations were fruitless. The proposals are ‘interesting, 


| 
however, and indicate that generally ‘speaking the larger the installed gener- 


fulite 


ating capacity for a particular project. the ‘more accentuated is the peak in Poe 


the output curve ‘and the lower becomes the average value per kilowatt- hour of 7 


nif yu 


Partial Sale of Don ‘Pedro Output. —Subsequently (March 11, 1924), the 


Turlock Trrigation District entered into a contract: with the San Joaquin 


Light and Power Corporation for the disposal of a part of the power output 


of the Don Pedro ‘Project. ‘Interesting and important features of this con- 


Wey: The is 4. 5 but this applige to the output of only 6 500 


capacity out of the first 15 000 installed. _ Approximately 22% of the 


ae 


estimated annual output of the ultimate installation i is involved. 
“The output of any additional units which may be installed by the 


District (except as needed for consumption within the District boun- 


—— daries) shall be sold to the » power company at a rate to be fixed by. 


a the Railroad Commission of California. 


3) ‘The District may deliver a maximum of 2 500 kw. during the per 
from January 1 to May 31 of each year and shall deliver a minimum + 
of 6.500 kw. during the period from June 1 to December 31, oe 
ist aut ‘that in years of sub-normal stream flow the District is required to 


ih tps “deliver only 65% of the output of its facilities during the period from — 


inst Delivery of power is to’ be tind by the District at a point about 

(5) The agreement runs for 15 years and is renewable at the option of 

«os District for another 15 years. to 


ot ‘Bale of Nevada Irrigation District Power.— -On. April 29, 1924, the stu 


District signed an agreement. with the Pacific Gas and Electric 


ompany arranging for joint use of certain canals owned by ‘the Company. _ 
The Company is to enlarge its canals as necessary ‘to carry the water of Me 
District and will have the - use of ‘District water as it passes through power- Bh, wg 
houses en route. hese power- are to be built by, or if already built, 


will be enlarged by, the = mp ny which will ¢ own and ‘op thee 
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90 HYDRO-ELECTRIC POW ER AND AGRICULTURAL STORAGE 
at its: own expense. The water supply will be developed by the District ‘whi 


is to deliver a regulated flow of 220 cu. ‘ft. per see. ‘during the | nine e month 


beginning July 1 and ending March 31. For. the p power which thus can bk 
| developed, and for ai any power which can be developed as a substitute for stean 


power by the use of the ‘District’s water during: the remainder of the year 


the Company will pay during the first of the contract in varying 


General Considerations. Value.—In general, it is believed thi 
those proposing the sale of this by-product power have approached the problen 


“without a proper r realization of the wide difference i in value between ‘potentia 
station output at the generating sv switch-board and energy actually | deliver 
“to the consumer. The Railroad Commission of California m made ‘itself “lea 

ont this point when called upon to estimate the rate for the Exchequer plant! 


It analyzed the data which had just been submitted in a rate case of the South 
ern California Edison Company, and found that hydro- electric power whic 
cost 4, 25 mills per kw-hr. at the generator sw ‘itch- -board, was worth 6. 28 milk 


the cost o of ‘standby service w was included; 9.93 mills delivered ‘to wholes 
E consumers: at sub-stations if transmission losses and costs and general expense 
were included ; 18.9 mills delivered to actual consumers with installation 
of about 20 aN 38 and 74.0 mills delivered to residence consumers using ap 


proximately 20 kw-hr. per month for lighting. 


Therefore, in any comparison of prices this by- there 


* should be borne in mind the conditions of ‘the sale as regards. (1) the use d 


af all o or a part only of the possible. output; (2) the cost of providing « standby 


i service; (3) the cost of transmission to the point ‘of delivery; and (4) the 
of collection of accounts. 


_ There are certain dangers of this type of development which should te 


False » Encouragement of Irrigation. —Those familiar with the history of 


recent irrigation development in California need no reminder of the fale] 


se - Promise which has been held out that water could be delivered great dis 


tances from those localities where there is an abundance of water to thos 


where there i is an ‘inadequate supply merely by the sale of “produ 


power; nor of other premature agricultural development which has been ell 


couraged by the hope that the sale of by- product power would pa pay y for the co] 


delivering an irrigation ‘supply. The extent” to which irrigation develop 


men should be subsidized by the i income from by- 

grave consideration. dtbe beanie } 


terference with se combine 


"agricultural storage and by- power are proposed § and wil 
4a doubtless be constructed, on the lower courses of the rivers. ‘Unless. some safe 


7 ‘a guard i is provided, the priorities of right to use the water which are to be enjore 
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by these developments may at a future date stand i in the way of : full ‘develop 
ment of the upper river. | Any water 1 loosed ‘through these plants in excess 
of the instant irrigation demand down stream is forever lost to other irriga-— 
tion and power use. . The Division . of Water Rights of the Department of 


_— ‘The ‘matter 1 was discussed at the time of approving the > applications | to appro- 
io: q priate water for the 1¢ Exchequer p power r project. Subsequently, when the the Division 
| a tha was called to act on the applications to appropriate water for power purposes — 
vehi in connection with Don Pedro Project the District officials themselves acknowl- 
tentid edged the danger: and consented toa in the permit, as 


® 


liver Tt is expressly all. hereto that no rights" to 
f clean except stored water, are to be acquired. under this permit which may in the 
future operate to the disadvantage of irrigation development.” 


lant 
South Competition with Established “Companies. —It is. apparent that danger 
ad 
-whid poe in the invasion of territory already serve | from existing power distribu- re 
5 muse tion systems by a competitor not subject to control i in the matter of rates and * 


olesel service by some outside authority ‘such as the Railroad. Commission.. For 
pees example, Don Pedro power is already being ; distributed within the project area a 
lation ac tive competition with the “utility, serving that territory. This means 


ng ap duplication of distribution systems and consequent waste of capital, cit 


competition. in which one party has. already provided a full of in- 
r there 

Bes - surance for its consumers against interrupted service and the other has not; 


he in which one party is bound by a system of regular accounting not to ‘subsidize 
andby 


Public Works, State. of California, came to an early realization of this danger. 4 4 


ame: type of development at the expense of another, whereas the other is free 7 
4) the ne! a 
and, in fact, enjoys. a power of taxation with which to: ‘recoup losses. The 
7 danger is magnified when, and if, the ‘producer of by- product power under- 7 


takes: distribution outside: the project area, because then there i is no ‘authority 


» Pp 


det ‘The writer is reliably informed that the ter ms ofa contract have been seteed 


upon by which the. Oakde lale le and South § San Joaquin Irrigation Districts 
build the Melones storage dam and the ‘Pacific Gas and ‘Electric | Company, 


whie h is a lessee of the Sierra ‘and San Francisco Power Company properties, 


Jit 


fps build the conduit leading therefrom to the. power plant and will build the 
power plant itself and « operate. In ‘consideration of the. use of the head 


vi created by the dam and the regulated flow which will ‘be accomplished by the 


and certain n other considerations, : all of which are known, the. Power 


| “amount whith will carry the interest on bonds to build the. storage 
| dam and retire the principal i ina period of 40 year: sf At the expiration of the 

year period payments by the Power Company w rill ¢ cease, and it will ll enjoy — a 


3 es revenue from power produced, while | the Trrigation | Districts will have the | 


q 


‘other than the Courts to intervene between the producer and consumer. 


of water without cost except that of operation of storage works. 
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SumMary anp ConcLusions 4 


To recapitulate, the following facts have been demonstrated: 


nahi new era of development is dawning, one in which large blocks o of 
hydro-electric power will become available as a by-product in connection wit 


a —This by- -product has certain peculiar characteristics in that @) it is 5 the 


result of an advance during the past twenty-five years in the art of constructing 

high dams; (6) it is purely a by- product—not an end in itself, but ‘merely 
a * incident to the development of agricultural storage; (c) it has a seasonal dis- 
tribution). strikingly | akin to the seasonal distribution of the demand for 

- agricultural power; (d) to date, there has been little progress in the direction 


OF Ole 


providing standby “service; and the producer of this ‘energy enjoys 


generally an immunity from regulation i in the matter of rates and service. Th 
ou —The ultimate total delivery of power by these | by- product ‘plants is | 


+ ‘THIS af 


relatively: very important. This power supply is adapted especially to the satis 


; _ faction of a demand for irrigation pumping. In the case of three large projects 


with an abundance of water, the proposed ultimate installation is equivalent 


it 


a to that required for an irrigated area of equal : size with an average lift of 90 ft. 


> This by-product would appear to open the way for irrigation of lands not here 
sores thought susceptible of irrigation because of the cost of power, > 


The marketing of this” by- product presents some ‘unusual and yet 


- & power might be sold wholesale at the generator switch-board to a “utility, which 
7 must bear the cost of standby service, of distribution, and of collection of 
ate accounts, and, therefore, can afford to a relatively small part of the 
4 average rate paid by the actual | consumers; (b) the producer may undertake 
himself to bear the cost of standby service, distribution and collection of 


— 


small accounts and n may ‘then expect a much higher average rate; and (c) the 
- project area may be increased so as to include a demand for a considerable 
‘eke of 1 the by- product power for irrigation pumping, thereby distributing the 


‘sauha cost of the project 0 over a a larger area, and leaving for 0 outside + sale 1 a 


establishes the sale value of power; and the conditions which 


Certain dangers connected with this ‘type of be 


4 ‘and ill-considered irrigation development; the waste of water through low- 
Ba head power plants along the lower reaches of the river, which water may be 
“needed for irrigation and power development on the upper river; the 


a tion of capital by duplication of existing systems; and the lack of some disin- 


terested regulative authority to stand between producer and ‘consumer in ‘the: 


4 ‘recognized. and guarded against, such as false encouragement of premature, 


‘unsolved problems. — At least three means readily present themselves: Ni (a) the | 
is a def 
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with OF A -MULTIPLE- ARCH SYSTEM AND 
By ‘Messrs. Georce E. Beces, Ww. Hupson, D. My 


> 
njoys EORGE M Au. Soo. C E.—The speaker ac admires es the scholarly 
mathematical treatment of the multiple e arch as made by the author, and has 


is 
Poith remarkable 1 precision the values obtained by ‘the speaker in a laboratory 
experiment. made on a model of this triple arch. 


valent aan method of solving problems of indeterminate structures by, the use ot 2 ; 


90 ft. 
| principle—Maxwell's Theorem of “Reciprocal “‘Deflections. The idea 


of using this theorem to obtain influence lines by observing the microscopic 
s yet movements of elastic structural models" was: ‘suggested by a Temarkable gen- 
1) the eralization by | D. B. Steinman, M. Am. Soe. C. E. , that “every influence - 
which § is a deflection diagram”.t _ The truth of this statement was brought home to > 
7 the speaker in 1916 when drawing the influence lines 8 for | "the reactions of the 
Bessemer and Lake Erie Bridge near Pittsburgh, Pa., a continuous structure 
resting ¢ on four ‘supports. (See Fig. 29.) Tt was v very apparent that these — 
influence lines were deflection diagrams produced in some definite manner. a 
A complete understanding of this ‘statement | is helpful to the engineer who - 
must devise analytical ¢ or - graphical methods for » the determination of in nfluence = 
lines for stresses and deflections of both. determinate and indeterminate struc- B 


tures. To the occurred the ‘idea that, if “every. ‘influence line is 


line by observing certain. deflections of an aa ‘model. _ This led to ‘the 
development of a method for which the mathematics | is as simple as that of 


the see- saw. In fact, the equation. between load, reaction, and deflections is 


the same for an indeterminate structure as for the determinate saw. 
(Fig. 30.) nt 5 The see-saw is supported at a point other than the center and - 


weighted with a known load at the left end. By measuring ; with precision 


the distance that the left end is depressed fallow the right e nd is moved up a 
known amount, the e exact reaction that ‘must. be the end to 
produce equilibrium i is given by ‘the. equation: 


* Discussion on the paper by A. C. Janni, M. Am. Soc. C. E., continued from! December, | 


1924, Proceedings. ‘ ‘ 
wif Associate Prof. of Civ. Eng., Princeton Univ. , Princeton, N. 


November 25, 1916, ad 648; 
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pen 


two may also be found from a 


deflection at the point ond measuring the deflection : load. point 


Reaction R, 


two eq 


INFLU UENCE LINES CONTINUOUS TRUSS ALLEGHENY ‘BRIDGE Deflecti 
agit to enol BESSEMER AND LAKE compon 


te aling with a in which the lever arms jot the known and wf 
o£ ‘Aaa forces are easily determined, as in the foregoing example, there is 1B) This eq 


- advantage i in using the method of deflections, nor of using models to obtain H flection 
ratio of the deflections ; with an indeterminate structure there is 


--Tea tions which they produce. ‘The mathematical parte must then ‘be basel 


Sit ‘the elastic theory of structures, of which the calculation of certain defle appara 
tions is: an important part. Such a mathematical analysis may « often fixed si 
avoided if if a . model of the structure made of elastic material, be deflected | ‘it be d 


at certain ‘points: and the deflections at other points ‘measured. momen 


A 
Whe the component " a ‘reaction of a complicated indeterminate structure pushe¢ 


is to be found, a model of the structure is. cut, preferably from celluloid or sible 1 


heavy cardboard ‘of constant thickness, with the width of. members prop 
‘tioned according to the ‘Toot | of the moment inertia of the actual or 
auge 


members. model is placed flat drawing- board and supported by 


pers. 
Deflecti 
— 
— 
9 
: 


ere are 


known 


ON DESIGN or A MULTIPLE-ARCH SYSTEM 
Deflection the tees ‘enils or supports of the ode, 
boi, _, small devices called “deformeter g gauges” 
(see Fig. 31) attached. og ‘The de- 
formeter gauge consists of two parallel 
(metal | bars 4 in. long and in. wide, 
oo arranged so that one bar is is fastened to 7 


the drawing- two screws, and 


to the movable r bar either 


by a rigid clamp amp or by a hinge pin, 

depending on the type of “support as- 
"0.1000 inch ‘Fixed sumed. each side of the center line 

of the two metal gauge bars 


fared posing V-s aped not notches s made to receive 


Thrust, to be 


a 


‘The omy in the notches when no deformation of the model is _ 
produced are called “normal plugs”. the normal plugs are removed and 


two equal sized plugs of larger diameter are substituted, the movable bar 


mo 


will be caused te to deflect parallel to itself. In Fig. 31, for example, this down-— 


ward deflection, 1, is shown as 0. 1000 in. “Suppose that with al micrometer 
microscope, Deflection “measures 0. 0470 in., , and that the assumed load at 


| Deflection 2 i is 5 000 Ib.— -it follows from Maxwell’s theorem we the vertical 


bingks ofl 


‘Thrust = 9-0470 in, 350 Ib. 


Thi his equation is identical w with that used to Solve th the “see-saw” ” problem. J De- 


obtain § flection 1 is arbitrarily chosen, Deflection Qi is measured with a microscope, the 


load is assumed, and the component ‘of the reaction follows by rgatttaltne 
the assumed load by the ratio. of the two deflections. Jena bas 
Reference to Fig. will: show clearly the ‘method of. using laboratory. 
apparatus to solve an unsymmetrical multiple- arch: system of two spans with | 
fixed ‘supports, X, -Y, 2, subjected to any inclined load, P, at a point, D. Let 
it be desired to find by model deflections the value of the thrust, shear, and 
moment at the support, Y, caused by the assumed load, P: The model is 
attached to a flat drawing-board by clamps, X and Z, and by a deformeter 
gauge at Y, and supported by steel bearing balls which roll on plate glass. 
The fixed bar of the gauge is fastened to the board by two screws, a; the —_— 
‘is fastened to the movable bar of the gauge by a clamp and screws, 6 The — 
movable i is thrust by springs against the two ‘normal plugs” in the 


V- “notches when there is no stress: in the model. By 


means of two wedges 


pushed into the tapered space ‘between the movable and fixed bars, it is 


sible to increase or. decrease the distance between the ‘V-notches after the 


removal of the ‘ “normal plugs”, fs; ‘or to cause the movable bar to move to. the 


eft 0 or ‘right. It is therefore, to fit. into the ‘V- notches various | sized 


and produce at twill | amount of 


TH 
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the assumed load point, D, of the model is set up a filar micromete 
microseope with the axis of its screw oriented in the direction of the assume 
load, Poor ‘This microscope can then be used to measure accurately the com 
ponent, BA, of the ait CA, this component always being taken j i 


Field of Measuring lo 


| 


sit” Yo matte eubojon olf i leq orl 


Drawing Board _ 


at In Fig. 33 is shown a box of six standard type deformeter gauges, ind 
2 ing the necessary 1 normal, moment , shear, and thrust plugs. | “Wig. 34 shows 1 
_ micrometer m microscope - in use , to determine influence values, for the moment, 


lear, at the support of a hingeless- ‘Fig. is a 


in the study the effect ‘of :-knee- of 

4 ‘Figs. 35, 36 and 37 indicate how certain deflections of a model of 

anni ’s triple arch may be used to evaluate the components of ‘the 1 reat: 

tion ‘at one of the supports. Referring in particular to Fig. 35, which illu: 

trates the manipulation of the model to give the vertical component, V, of 

ee the ‘reaction as caused | by any assumed load, P , by ‘means of a deformete 

"of gauge, the foot of the model is deflected through a small known distance, 4, 

. and the micrometer microscope reads the component, dyn of the deflec tion of 

assumed point of follows immediately from |] Maxwell’ theorem 

and M, due to P, is; found by 

iy the ratio of one observed model deflection, ‘dy to one known support defer 


tion, as clearly indicated i nd 37, ‘respectively. The diagram: 
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DESIGN OF A MULTIPLE-ARCH ‘SYSTEM 


| 

how the a the he mode | 

of the multiple arch (Figs. 85, 36, and 37), gives a feeling of the manner er in | 

= the applied loads are related to the stresses at the support, and the more °| 
experience with such models, the closer will be the guess of the amount | 

es * of thrust, shear, and moment ent that i is produced by ag given applied load. The 

pes nae as to stress ss distribution will be so improved that errors it in the e results 

by tedious and disheartening solutions of numerous simultaneow 

a. “equations will be apparent immediately. At Attention | is called particularly to | 
fact that ‘no 1 weights are applied. to the model i in order to obtain the solu: 
, tion, for the method depends solely on the measurement of certain deflections 

3 of the unloaded model, also ¢ on the fact that all the reaction components are | 


Pt found by the ratio of certain deflections. © There remain, therefore, the unused 
_ three equations of static equilibrium, aid: at the end may be used as a 
- triple cl check on the results 0 obtained. a mathematical solutions such a simple 
q independent check is not available. The model method i is as simple for non- 
‘symmetrical a as for symmetrical plane structures, and a as easily applied for 
inclined loads as for vertical loads. 

4 In Figs. 88 to 43, inclusive, are shown the influence lines for the com- 
ponents of the reactions of Mr. Janni’s triple arch. The full line ¢ corresponds 
to values obtained from laboratory observations of of the deflections of a card: 
board model ; the dotted lines below the middle span give the results of Mr. 


a anni , using | the ellipse of inertia method. = In general, the reactions at a “given 


support are small for | loads at greatest distances from it. t. Two important 
exceptions to to » this are t the horizontal thrust, t, Ha (Fig. 38) and ‘the M4 at the 
left support (Fig. 40), which illustrate the danger of calculating stresses for 
the first or left-hand arch ¢ on the assuiaption. that the lo ads on the third s 


‘third span. both large positive , moment. and large positive at 
the left support of. the first span. The ‘speaker would hesitate, therefore, to 
- pre eae the general rule that a system of more than three arches on - elastic 

"piers may | be designed safely on the assumption that “three adjacent arches 

[such als system [may be considered} as forming» an clastic “system by 
pon, itself, disregarding what is on either side (of this selected unit, that is, the 


= ends of this three- arch system should be regarded : as fixed”. ‘Such an 


hes possible “fading out? of infl luence lines in spans of an 


system was: _ of such interest that the speaker « decided it was worth while to 

in test an elastic arch system having ‘eleven spans of the same proportions as 
no Mr. Janni’s triple arch. Ih Figs. 44 and 45 are shown t the influence lines for 
the horizontal thrust at the left end and for the bending moment at the crown 

of the sixth : arch. It is particularly evident from | Fig. 44 that the loads on 
2 spans far removed from the one under discussion must be considered 
“when dealing with a long series of flat. arches on elastic piers subjected to 
a we This influence line shows clearly the cumulative effect 


on n horizontal thrust ws applying earth fill to such a ‘system progressively ! frou 
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DISCUSSION ON DESIGN OF A MULTIPLE- ARCH SYSTEM one 


the : right to the left end. - The influence line in Fig. 45 indicates the oui 
A lative effect on the negative crown moment that would produced if the 
earth fill applied each end toward the middle arch, 


or Jani’ 
0 (738 for Janni? str ar arch) 


a0 INFLUENCE LINE = FOR HORIZONTAL 


In order to check further the results obtained i the author and by th 

pees a celluloid model was | constructed to the same proportions as s the triple 
values of the ‘reaction components as taken from the 


ions, and “magnitudes of the four reactions were found for the cases 


loading illustrated in Figs. 47, 48, 49, 50, and | 51. loads appear as 


weights hung from the arches, while the reactions are completely indicated 


by white arrows. | From Fig. 47 it is apparent that the horizontal thrust is 


transmitted through several arches until it ‘reaches the support o of the right 
. The c correctness of the pee: of the reactions 


‘UNE FOR ‘CROWN MOMENT M Al 


ih Figs. 52, 53, 54, 55 57, 

inforeed concrete, one (Fig. 68) in Europe. Iti 

= _ _ * Further applications of the methods of models for determining secondary wenn 

be found in in Am. Inst., Vol. XVIII, pp. 58-82, Vol. 
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Fic. 47—CrLivLorp MopeL SHOWING ACTION OF JANNI ARCH WHEN LeErt-HANp SPAN 
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Fic. 50.— —CELLULOD | I Vv N ANNE ARCH MIDDLE Bran Is LOADED. 


Fic. 49.—CELLULOD MopEL SHOWING ACTION OF JANNI ARCH WHEN ALL THREE SPANS + 
a 
Mc. ‘MopeL SHow1ne ACTION OF JANNI ArcH WHEN T Two END SPANS 
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‘Papers.]_ DISCUSSION ON DESIGN OF A MULTIPLE-ARCH SYSTEM 


| 
believed that when the American engineer becomes better acquainted with © 
_simpler methods for designing such indeterminate frames, he will be more 


ready to use them, particularly in cases where there is a demand for a an 
Following are observations regarding ‘the 1 method of of solution 


as compared. with other methods of ¢ calculation: 7 


—The method of models is simple and has value because it 


more economical of material than 


parative studies of a number of statically determinate structures 


“terminate rigidly connected fi frames convince th the. speaker | that frames which 
are rigidly connected member to member support their loads with minimum 


effort. . The deflections under loads decrease as the rigidity of the structure - 
“increases; the external work done by the panes is so weed the less; the cor- 
whence a ‘saving of ‘material, reduetion i in n the cost of the 


structure may follow. In a rigidly connected structure, ‘not only i is the 


“of ‘supporting the load divided among all the members, but the total work to 
be done is less by reason of the rigidity. 


at} 3. —Observations of the deflections of models 8 gives clear and true ideas. wo 
ise rat i . 
“the action of elastic ‘structures, and when these observations are made with 


be “instruments of precision, the results r may | be applied to designs immediately. = 


—The method, being closely related to Maxwell’s theorem, serves 


eadil hecking many mathematical com utations based on the 


—The method is applic: able to the determination of stresses in various” 


types of structures such as conduits, sewer sections, continuous po rtals, , arches 
various types, subway cross-sections, and even ‘secondary stress ses in ‘rigidly 


5.—In the “usual methods of solving indeterminate structures, a greater 


_ number of simp}ifying assumptions are m made than in the method using an 
te 6.—The method may be used in laboratory slaaiihs to determine the man-— 
“her in which stresses in members of structures are modified by gusset- -plates, 


the calculation of indeterminate structures, the use of a model 
automatically gives “the same results that mathematics yields only after the 

ution of many simultaneous linear equations. Conceivably, a machine 


sed in an elastic mod 
1 
"More then the algebraic equations | can a 
8.—The models made of paper or celluloid follow the aw! of 


more: closely than the structures of steel and concrete v which t they represent, _ 
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DISCUSSION ON DESIGN oF MULTIPLE-ARCH SYSTEM 


theory of structures is based. on 


use of m jodels may reduce the tedious. and disheartening calcula 


by complicated formulas, which have limited the freedom of. engineers 


‘simul 
stot 

design 
: a haur 


eleatio of as closely as the of the deflections of 
brete ‘arch corresponds to the ratio of the deflections of a perfectly elastic 


unecon 


caleulite precise of a single deflection ofa a point a concrete arch, 
“but only that he estimate the proper ratio of the two deflections, d, and dy 


appearing in the basic equation of all methods, namely, 4 


te 

Reaction component = P is 

M. Soo. C. E.—The paper. Meg ‘the improv 
iscussion by Professor Beggs should be considered together, as ; they are very B be tak 
properly supplemental, each to each. oft imitat! 


ie Janni’s ‘selection of the title for his paper is 3 not descriptive. He ae 


‘gives very clearly a method for making the computations in cident to a de- “misapy 


wer 


sign of a series of three arches and the two intermediate supporting piers Sor 


_ Professor Beggs, by means of ‘models. as near as may be to scale, verifies these nary s 
calculations by the relations of Hooke’s law. The agreement in ‘the deter: “many 


mination of the statically indeterminate forces by Mr. Janni and Professor sale Th 


Beggs is remarkable when the difficulty of constructing truly representative F of the 

_ ‘The nature of the design assumed by the author to illustrate the manner ff that at 


of making: the necessary computations is unusual. The | sections are 
thin cat the haunches and skewbacks and the intermediate piers high and 


‘tk é 
"slender. The ‘intermediate piers are hardly of sufficient“Himensions to 
even as columns carrying only direct 


The author’s attempt to draw general conclusions to the forces 
moments acting on a series of arches should not be given ‘too much v weight 
| their application to structures of more conventional dimensions. 


“ 4 fessor. Be eggs sl showed by means of his remarkable models that the thrust ‘and 
_ moment at the end of the end arches ‘due to a load on one arch. were consid- 


t erable at all times, even for as large a series as eleven spans. : The long slender 


piers, however, accentuate the amount of thrust ‘transference from: loaded 

arch to the piers of the adjacent arches. | 


The necessity of keeping the total Jength of series of arches within 


r limits by ‘means of intermediate abutment piers, is clearly br 


—_ * Prof. of Civ. Eng., Polytechnic Inst. of Brooklyn; Cons. Engr. / New York, N. By (0 
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B. Coury, * M. Am. Soc. C. —The effort to ‘simplify 
design of a reinforced concrete arch ring and to analyze a multiple system of 
arches, taking into account the continuity of action notable. The speaker 


but believes the, consideration ¢ given in the p paper ‘to ‘multiple arches will be a 


stimulus for further advance in such design. ink 2 


afer During the past fifteen years a great improvement | has been effected § in the 
design of reinforced concrete arches. Seldom is an arch proposed 1 which has — 


a a haunch thickness three or four times. that at the crown. This unbalanced, 


uneconomical pr proportioning of former years. gave low stresses at the haunch ‘a 7 
and excessive thrusts to piers and abutments; it is evident that the effective - 
rise of an arch decreases as oval haunch thickness i increases without changing © 


the curve the intrados. A decided improvement obtains as a result of 


present efforts to fix the curve of the neutral axis to approximate the line of — ea 
thrust caused by superimposed loading so that no tension exists: in the arch 


ring and all sections are in more or less uniform compression. 


improvement of ‘miata tle it is natural that certain immoderate liberties should | 


be taken in ‘designing. ‘There > have been misapplications of the material—an 


imitation in concrete ‘of steel structures with diagonal members i in tension 


- Some i issue can be taken with Mr. Ja anni’s s analysis relating to the extraordi- 7 


slenderness: of the pier, Ww which slenderness not be applicable: to so 


but believes these factors are so pertinent to the subject of maltzale: -arch a 
that attention should be called to them. cost of labor and confines 
toa great extent the use of the arch to comparatively long spans. In ‘the final” a 
analysis for there are factors in construction outweighing the 
that” results i in minimum pier sections, for example, methods of | construction. <> 
would be required with the slender pier that would not only peer ma 
hazards, but require an excessive amount of arch centering, — 
‘ane The question of minimizing the hazards involves-the design of the arches, : 
| - the p piers and their ‘foundations, and the manner in which the work can best be Ee. 
| subdivided. series of arches ‘and piers that require a large amount of 
| centering to maintain their equilibrium vu until they become ‘self- “supporting 
cannot as a rule be considered economical. ‘The design ‘may i impose so great 
risk as. to cause the experienced contractor to withdraw. from 
There are various ways to safeguard the work by constructing the arches in_ 
strips or ribs counterbalanced by the full weight of the pier. It is possible to 
construct a series of flat arches by the use of a small | amount of steel arch 
centering without resorting to excessive pier sections. A low application of the 4 


horizontal thrust of the centering on an extended equi- 
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DISCU SSION ON DESIGN OF A MULTIPLE-ARCH SYSTEM 
“librium without the counterbalancing thrust of the centering of an adjacent abutmer 


arch i in one stage 2 of construction, and, in a ‘second stage of greater moment, 


"will give sufficient counterbalance the thrust of a completed arch “sector necessar 


7 8 This method practically eliminates all hazards in construction and gives a a clear _ Rib- ib- 


manner in which the work can be subdivided determines the ‘size of 
the plant and ‘the necessary amount of equipment and labor, which are tthe 
important factors in determination of the cost. There is a definite reb- ent 
abou 
tion between these factors: and the magnitude of the work; for this reason it 
Ss ‘might be found more economical to subdivide the construction so as to adjust Risdbeeet 

properly these factors even at the expense 0 of adding materials. The wel quoted 
balanced design permits of continuous construction with a fixed amount of 

ch. Professor Beggs has demonstrated the invaluable use of celluloid models in shows ( 


the accurate analysis of arches and miscellaneous indeterminate structures. hg , iaaitite 


2 a showing the effect of a moving load on a series of arches : a wide application oe The 
_ the use of models in reinforced concrete design i is suggested particularly in the B axis of | 


g building of multiple arches to determine the stresses during the progress of thf 


putes 


work. The contractor is interested i in knowing just what hazards exist at al ~“ : 


4" stages ¢ of his work. | These hazards would properly affect his bidding and, thee Bo 


4 the design shold’ anticipate these conditions. the seco 


The assumption is made in the paper that the piers are elastic and extremely 
The model ‘demonstration has shown that the width of pier X (may t 


footing ‘Waglitied to hold the ‘system of forces due to unbalanced loading on . is 


spans would limit the slenderness of the “but this width is Tate sh 


pats sq. ft. or which is itself quite limited. that wh 

an D. My LREA, *M. Am. Soc. C. (by letter).t—The author’s interesting k Fig. 
$ _ application of the method of the ellipse of elasticity | to the problem of the ce 


tinuous arch on elastic piers i is incomplete, unless the question of yielding 
foundations is adequately considered. The span of a series with al 
elastically yielding foundation under its abutment loses rigidity at its ends, 

suffers much as an intermediate span n does from yielding supports. Yield: 


_ ing of the soil is much too important a matter to pass over with the scat is 


_ The elastic of the foundation itself. depends on a different constant Due 
from the modulus of elasticity of concrete, consequently, the. > value of G for ling 
the oundation must: be ‘modified accordingly. Therefore, after pointing out distar 


Os 


an error pertaining to rib- shortening which is. becoming. quite prevalent in 
_ this treatment of arches, and noting the method of including the effect of shear on this 
in a member, the writer proposes to discuss (1) a pier foundation (2) the 


~ foundation of an abutment behind which ‘the earth. is deep enough to , furnish 


practically equal resistance to horizontal movement from top to bottom of the 
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The Effect of Shear.—In Paragraph the “Tength of the s ‘semi- mi-major 


4 


-ARCH SYSTEM 


necessary modifications in the elastic weights. 
Shortening. — Under the heading, “Temperature”,* ‘the author states: 
“The effect of temperature change, as well as that of shrinkage i in concrete due 
both to the setting of the concrete and to the dead and live loads, is not pres 
sented in this paper”. In finding the moment of inertia of the elastic weight 


of an element about a given line, the statical moment of the elastic weight : 4 
about that line is considered as s acting a at the anti- -pole of the line with respect — 
to the ellipse of the element. This automatically takes” into account 
shortening: due to the stresses produced by! loads, dead or live; and the sentence — 
quoted should read : “The « effect of temperature “change, as we well a as that of 
shrinkage in the « concrete due to setting, is not presented i in this p paper.” | For 7 
proof of this, see the pamphlet by Dr. Postuvanschitz. The author hi 


shows (Paragraph 20+), that the length of the minor a: axis 3 of the ellipse of or 


voussoir is determined by the shortening of that voussoir under axial stress. 


axis of the ellipse is given as: 


x may be found, as follows 
ot is a coefficient expressing the relation between the true and the approxi- — 
mate shearing deformations; the true deformation is that which results from — 


the actual distribution of unit shears across a section, and the approximate is 
that which results from unit shears assumed to be the : same at all points of a 


cross- section, and equal to the total shear divided by. the area of the section. stip 7 


= of one of the with referehee 


unit shear on this fiber; ai b 
= total shear on the section; 
a= = ‘shearing modulus of elasticity; 
= length of the element under consideration 


Due to th the shear, one end of the elementary area, 4 A, is displaced vertically 


with reference to the other end work of deformation 


7 erefore, 


§ The factor, %, » always cancels in. a “discuss sic on 0 “ virtual work, 8 so it is omitted here. 
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which i is ‘the for the true shearing deformation. 


ait bus s7il b vil ba: 


v is considered constant, (2) becomes: 


2 


, 

r, since tle ap: uff wok 


which i is the expression for the approximate shearing ‘The 


ti ion between the values of 4 y, as given | in Equation (2) and Equation (4), 3 is 
eT 


alled Lx: Dividing Equation (2) (2) by Equation (4) gives, reek 


codit aidt mo, 
This value, if substituted “for py* will take into 


‘ “account shearing distortions. As will be seen, the major axis of the ellipse 


would be somewhat increased, thus Dennen including the shear distor 


‘ 
tion without further computation. Dr. Ritter. states” that, for rec tangles 


i= , for circles and ellipses, x = —, and that for an —-section it is approxr 


7 mately ‘equal to the total area of the section divided by the area of the web. 


Storrs 
Elastic. Foundations.—In discussing an arch resting on elastic supports 


“Tt is eae Guestone, that if in designing the arch, the ellipses of elasticity 
. a: the supports are ‘assumed ¢ as if they were the ellipses ‘of elasticity of two ideal 


Am. Soc. C. E., August, 1924, p. 785. | 
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additional voussoirs, the resulting stresses will be for an under 


the een of the elasticity of its supports” 


- The problem of an elastic foundation thus becomes one of finding the ellipse 
f an “deal” « element which has the same elastic ‘properties as the foundation. 


In ‘Paragraph 2%, he proves that: “It is, therefore, only when a force, F, 
ps s along an axis of the ellipse that the displacement of A is parallel to ‘the 
line of action of the foree * * * Aud _ Therefore, if fa force can be e found 
which will produce a movement of the face on which it acts in the same direc- 
tion as it acts, then the line of action of the force is along one of the axes | 
of the ellipse. With one axis thus determined, the he process can be repeated in a a 


direction at at right" angles, thus locating the second axis. i The the 
ellipse lies at their intersection, 


bx Having found the center of the ellipse and the direction of the major and 
minor axes, the lengths of these axes may be found from a consideration ve a 
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MT Jo Ditty 


rotations ; and the elastic weight i is | determined from the movement of the end — 
of the element in the direction | of an axial force. = These two processes will be - 
illustrated i in the discussion of several types of foundations hier kes 


‘Pier Pootings— —Let Fig. 59 represent the footing of a for which C 
equals the force, in pounds, necessary to depress, elastically, 1 sq. ft. of the ‘ 


soil a distance of 1 in.; D equals | the elastic resistance to horizontal motion, in 
pounds per square of base per inch of movement}; and equals the 


‘llipse” is, vertical at the of ped 


cause the footing to move e horizontally, a force would have t to act horizontally 
é 
at the level the bottom: of the footing. The second axis is, therefore, 
horizontal and coincident with the bottom of the iotina 1 ott 


imagine” the footing to rotate in a clockwise 

and the 4 pressure, the outer edge the 
middle-third of the base. It is proved by the author} that “a terminal ‘point, 
A, of a plane elastic system acted on by a force, R, , rigidly connected with it, 


will rotate about the anti- pole (with ‘respect to the | ellipse of elasticity of the. yo > 


system) of the line of action of R.” &B in, therefore, the anti-pole of the force, — 


a ‘It would s serve the same purpose to assume the line « of action of a force, and 4 


then determine its center of rotation,§ but in the case at hand it is s simpler to 
“assume the center of rotation and determine the corresponding force. Any — 
point might be chosen, but that one is best which makes the calculation of 4 
‘tte cotesponding foree easiest. For an any y small rotation about the point, B, 


bal + An elastic movement implies that the upper surface of an earth element below the © 
roy Moves horizontally with respect to the lower surface of such an element. Obviously, 

€ Maximum value of D would be equal to the force which would — ety rae 


— 
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_ the ‘resisting force of the earth is wholly normal to the base, and the yesultant Thus. 

From: a consideration of the author’s Fig. 9* and Fig. 

Thus, s, the length of one of the axes is determined. 


‘The ela elastic , weight represented by the “soil ellipse” ‘is determined as 8 follows, Mm 


bas oilt "Depression under vertical force, F, = (8) 
In ‘Paragraph 20 the author deduces an expression for the movement of ‘the 


eee 


ailt to vize to ay 


a horizontal 
he semi-a axis, p,, may be computed just as p, was. Assume a hor rizontal 


force, F, acting on the footing at the around level: i! 


orizontal movement due to force, ] F= =F. G.p 


Combining Equation (12) and Equation (13): fad auld 


5 
‘But, if (see Equation (11): 
3 


— 
— Ino 
4 
axes 
ag 
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.(15) 
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. (16) 
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T hus, Equations | (7), (11), and (17 ) together completely the “ideal” 
element which has the same elastic properties as this foundation. enh ivy deasle 


Before proceeding with further examples, two interesting facts should 


1. —The author | shows on page 784* that: to alt 


*F ora homogeneous rectangular section, this would become: ae 


(20) 


from wm which,’ 


7 


- 
furnishes an interesting comparison with the of p, Mr. Jenni 


deduces on page 785," ‘ where he shows that: 


In other words, for homogeneous material and rectangular cross-sections, the 
axes of the ellipse are proportional to d and l, respectively. ‘~ oaseinyl 
in the value of G= which the author uses, the value, J 
"Ses 


Comparing this with Equation (11) shows why the C, may be termed 
- the § ‘modulus of elastici ty of the soil i in compression”. > . This was stated, without | 


proof, in ‘the author’ previous treatment of the ellipse. +. Similarly, D 


om called the ‘ “modulus of elasticity of the soil” i in shear. var [uoiitoy Jamttenes 
adt d A critical, examination of Equation (17) leads to the conclusions that the ~ 
smnaller the resistance, D, to horizontal, moment, the greater | the vertical semi- 


iy 


axis, p,. This may seem anomalous, but it must be remembered that the value 
“of G was computed and the result used, in conjunction | with D, 
determine Po Now, and D are “moduli of elasticity” which | may differ 
greatly. Therefore, the value of G, computed from C, must be multi 
. ‘Plied by —- when dealing with D, or else the length of the vertical axis of the 


ellipse must be changed to avoid changing G. This explains | the apparent 


anomaly. " Thus, ‘if D should be zeYO, the vertical axis would be infinitely long, 


and the anti-poles of all lines of action with reference to the soil ellipse would — : 
Leg on this axis. All forces other than truly » vertical ones | would cause the base 
toe skid. On the contrary, if horizontal movements are so small as to. be 
- negligible, it implies ¢ an infinite value of D; and from Equation (17) it will be. 
* Proceedings, Am. Soc. C. August, 1924. 
00 Reinforced ‘Ill, Article 48, 153. vend 
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seen that in this case the length of the vertical axis —" be zero. “This is is sil 
stated, without proof, by Hool, in the section of his book referred to previously. 
if C and D are equal, the ellipse becomes a circle. iw 

Buried Abutments. s—In Fig. 60, let it again be assumed that C and D are 


the moduli of ' elasticity al the soil in compression and shear, respectively. Tt 


it also be a assumed ‘that the « slope behind the abutment is undisturbed soil such 


that C may be considered constant at all points. = - 


2 
‘ 
from wl 


equa 

made by 

pier dis 

“Fre. 60. | unless 

‘tee the vertically ¢ downward a distance, ¢, the fc 

would be resisted by the normal force, r= = ble, on the bottom, and by the 
vertical fo force, Q=d d he, on the back. ‘The vertical axis of the ellipse would thie 
oo along the resultant of the vertical forces, 2 and Qa at a distance, a, from of this. 
the back. If the abutment were pushed horizontally a distance, f, the motion 


would be by the normal force, bhf, on the back, and by the 
_ horizontal foree, = Dot f, on the base. horizontal axis of the ellipse and the 


would lie | along the resultant of and ata distance, y, from the base, and 


hi the center of the ellipse would be at the intersection of the axes. pipe pega? alte 


4 
ait the ‘abertinienst be assumed 1 to rotate in a clockwise direction about the je 
tills TOUTE 


nt, A, triangular pressure diagram under the base results; ‘and the ‘behind 
: an vertical pressure, Pp’, acts at the edge of the middle: third of the base. 


There i is also a resultant tension (release of compression), 'P”, normal to the the vi il 


back of the abutment, which, due to its triangular stress diagram, acts at the 
upper edge of the middle-third of the ba ick. ‘Then a ‘bottom 


_ The resultant of P” and P” acts through the point, O, and as its direction may f follow: 


be determined Equation (23), the actual values of P’ and need not be mum ¢ 
As in the discussion of hes pier, the y on A, is the ant anti-pole « of the force, R. force, 
x8 with respect to the soil ellipse, and the lengths of the semi- maipr and minot BB vertice 
“axes may be found from the equations: Under 
a 
RUD p Sarit root . A 
abutm 


These equations « only adaptations of Equation pomatntest 
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DESIGN OF A MULTIPLE-ARCH SYSTEM 
“an 
alo find the elastic weight, assume the abutment to be vertically 
usly, downward, a distance, e. Then, as in Equation (8), OF ai 
Equating Equations (26) and (27), i 


w 


~ In such an ‘abutment as this, it is is permissible to consider the resistance, D, 7 


as equal to ‘zero, and the few necessary changes i in the equations can easily be 
made by the « designer. The ‘results are on the side of safety. In the case of the 7 


F unless the designer i is sure that the pier will never be , subject to ar any but pane 
Faxial forces. The practice of building continuous arches on piers” 
| only on vertical piles is certainly open to question. 

sail desired, the elasticity of the abutment itself can be included. | The axes 


of this abutment ellipse will be vertical and horizontal; the lengths of the semi- 


2 


axes will be {|—— and (see Equations (20) and (21)) 4 
and the elastic 1 weight will be, * 


tal 


behind the abutment is level with its top, it is certain that Ci is not constant 
from top to bottom of the back of the abutment, as the upper layer. of earth can- 
not resist a horizontal force. The extreme case in actual practice would be the 


“s om in which C and D both varied from 0 at the top to a ‘maximum at the 

bottom. All other cases would probably be intermediate between this and 

. (33) one in which 1 @ and D were constant. nt. Therefore, let it be assumed in the © 

on may following discussion that “i and D vary directly from 0 at the top to a a maxi on | 


Under the influence of an vertical movement of the abutment 


sree, R, foree, Q, is only one-half as great as in the previous | example. Therefore, the — 


_minot vertical axis of the ellipse passes more nearly through the center of the base. Ro 
Under an assumed h horizontal movement, the force, is likewise only one- 
@) half as great as previously, and it acts at h V3 above the point, A, instead of h It 


way up. ‘Hence, the center of the ellipse i is lower rand closer to a vertical line 


‘through: the middle « of the base. Its exact | position . will be at the intersection 
of the resultants of the vertical and horizontal forces, as “buried” 
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DISCUSSION ON DESIGN OF A MULTIPLE-ARCH SYSTEM 
this case, for counterclockwise rotation abort 


point, A, sufficient to move the top of the a distance, toward 
the left (Fig. 61). The forces, 


acts at a a distance 3! from the point, pun rs) baw (09) 


Due to this same : rotation, ‘compression is developed, acting thell section 


back of the abutment ‘Ata y, abor above t the point, A, the horizontal erete ( 
"movement Owing assumption that | value of C varies from 


0 at the top to C at the bottom, the value of Cy at a any oe wie y ‘is, Ballin t 


x 


> his is the equation of a parabola with a a horizontal axis at a diatance, > 


“point, A (Fig. The 4 cting toward ‘the 


of Pp’ and will act as in Fig. 61, and the lengths 0! 


f the foundation ellipse may be determined from the intercon hee 

My R axes, as shown in Equations (24) and (25 


oS elastic weight of this foundation may be found by assuming the = . 


ment to be pushed downward a distance, e, from which (see Equation 96): 


Equations (36) and (37): 


‘The Elastic Weights—For homogeneous ‘membe er the e pression for! 
elastic ‘od toaxe atl ont to slbbien 


th 
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Papers.) DISCUSSION ON DESIGN OF A MULTIPLE 
If the member is ‘not homogeneous, a a “transformed | section”, which is homo- 


geneous, may be substituted. _ The author, for example, substitutes a trans- 
formed section concrete for his combination steel and concrete member. . He 
had then to consider only the modulus of elasticity of concrete. An inspection 7 
of Equation ( (39) will show that the « elastic weight of an elementary length of” 


a homogeneous steel member will be only —*, or approximately one- -fifteenth 


‘ fof that of the s same elementary length of a concrete member of the same cross- 
ist. the section. Therefore, if ‘some members o of a framework are composed of con- 


izont & crete (or reinforced concrete “transformed”) and others are of steel, either the 
_, Belastic weights of the > steel members wi will have to be multiplied by 15 or the - 


8 

anaes elastic weights of the. concrete members divided by 15, in order to have them 

a all in the same terms. — 8. This i is the significance of the previous statement, that 

.. “either the value of computed must. be multiplied by — when 

similar manner, ‘the value of i in these pier and abutment examples a 

been deduced from a “modulus of elasticity”, Therefore, to use 1 the 

“soil ellipses” ‘as found when combining them with the ellipses of a conerete 

-, above 


arch, the value of G in Equations (11), (29), and must first be 

by The ellipses w in remain as found. 


(34 Conclusion.—It should be ‘pointed out, however, | that values of | C can only 

be determined approximately. Whether or not tests on small areas are reliable 
+ guides for ¢ computing depressions of large areas has 1 not thus far been settled. 

_ Moreover, ‘the value of D is very difficult to obtain. 14 Therefore, in . the charm 


S. M. ‘Axt, Soo. C. E. (by letter). +—This pa paper is an 


excellent and interesting presentation of the Culmann- Ritter method of the 


| 


ellipse of f elasticity. This method has also been presented recently by C. B. 
McCullough, Assoc. M. Am. Soc. C. E.,t M. Paul Sejourne,§ and M. M. Gay. I 


The author’ s treatment of the design of multiple- -arch systems leaves much to : 


be desired and the writer would take exception to his conclusions, which are not 


at all supported by the facts demonstrated in the p paper. 


« effect loads on the center span’ only has considered. For 
complete analysis from which the three arch ‘spans and the piers" could be 
= 


properly designed, it would be necessary to determine the effect, on both the ae 

center and end spans, of loads on all spans. For this complete solution, there 

are other methods which require less labor dan the ‘purely graphical one = 


the abut 


; 


en 
Received by the Secretary, November 15, 1924. oi? te 
“Reinforced Concrete and Masonry Structures”, Hool and Kinne, 
$"Grandes Voutes”, Vol. VI. 
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In order to show the importance of the ite on both - the center and end 


spa spans of loads on ‘adjacent spans, the writer has given in Fig. 63 influence | 

_ lines for the three- -span system shown in Fig. 62 which has been een. analyzed by | 


| G r= 400m 


these 


could b 


© ot wot / si} lo. ehigic accurac 


| frst kk it Fic. 62.— IM Ns” OF A ‘Piers. volte 
. 62.—Dr MENSIO F RC ES spans a 


Ernst, Pichl. * The r ribs and piers have a ‘uniform: width. of 4m. It willbe span ar 
- noted that high positive moments at the springing line and negative ‘moments shown, 


the crown are produced by the loads on adjacent spans, These n moments are might | 
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DISCUSSION ON DESIGN OF MU UDTIPLE<ARCH SYSTEM 


spans, and this effect decreases 


the piers become more rigid. An interesting 
study of this effect is made by Pichl. After analyzing the structure a | 


in Fig. 62, he 1¢ increased t the dimensions of the piers 80 that they y were 2. 5 m. Ps 
thick by 41 m. wide at the top and 53 m. thick by Tm wide at the base. 


height of the piers: and the dimensions of the ribs were > kept the same. % Wit th 
these new proportions, he found that the effect of the rotation of the pier ‘wpe 
could be neglected without appreciable « error and that it was ‘there- 


fore, to consider only the horizontal displacement 0 of the pier tops. 
idl ‘The accuracy of any approximate > method of analyzing multiple- arch 


systems depends ‘entirely on the relative proportions of the arches and their 
supports or on their relative rigidity. If Mr. Janni wished to demonstrate the 


accuracy of the simplification which he attributes: to Professor Guidi, he was 

unfortunate in his selection of an example. 1 With the very flat a arches and 

extremely slender piers of the system he has analyzed, ‘the addition of similar 


spans at the ‘end would materially reduce ‘the horizontal thrust in the | elied 
span and would i increase the bending 1 in the ribs. With the spans and piers : 


q 


shown, it would not be sufficient to consider only three adjacent arches. Tt - 
Gt 


night be sufficient to consider the g group of three spans only if the outer ends 


were considered as fixed i in direction alone, taking account of the horizontal 

displacements due to the flexibility. of the spans beyond. The effect of the 

rotation of the top of the second pier from the span under consideration would 


probably be negligible, so that for the center: span of the three, the results 


would be accurate. In practice, such slender proportions would : not, ordinarily, 
even be considered ; still, an accurate, complete method of analysis i is ‘desirable: 


if for no other reason than to determine the limits of accuracy of the approxi-_ _ 


here are a number of approximate methods which are probably accurate 

2 


enough for practical « cases, but there is little information as to the limits within 


which they may | be used. , ‘The particular need is for such information. Using 

the arch ribs as established in his paper “Design of Symmetrical Concrete 

Arches”,* the writer has” developed new, simple, and accurate method 


H 


of analy zing two ‘sy mmetrical ribs with an elastic pier He has also 


applied it to the three-span — and believes it to be simpler than any other 

he has seen. seen, 


in designing hingeless | arch sy stems, the possibility of a rotation of the = 
abutments pier bases: should ys 


| always be considered. may safely 
assumed that they will rotate to , some extent, as there is no such thing” as a = 


perfectly rigid support. Every effort be made to design the abutments 


and bases so that the dead load pressures will be distributed uniformly i in order 


that the permanent load » will cause no rotation. When tall piers are used, a 


careful study should be made to determine whether or not the bases are really 


fixed a as assumed. If it is necessary to raise the springing line high above the _ 
RIBS: jan, may 


x 


vier bases, the aabatiinga’ horizontal thrust from live load on one span may 
produce such a tremendous moment that, the pier base will rock on the founda- * 
tion. The stiffer the shaft of the pier, the greater will be the moment at its — 
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ARCH SYSTEM [Papen 


1 


an ‘because, in the former ca case, it ‘produces horizont|| 
displacement of the nan ae the rib which is exaggerated by r the height of the 
oft adix ods 40 sit has odd to gid 


On account of ‘number of long amultiple-span_ arch bridges. 
7 eo are being built and which will be built in the future, there is a definite : neal 
- for complete, dependable data on the effect of movements of piers due to the 
“elasticity of the supporting foundation or of the piers. These data must le 


secured by measurements i in the field and. by a comprehensive theoretical 


- investigation to determine what methods of analysis 1 may properly be used for 
different « cases. The writer is of the opinion that such an investigation 1 will] 
_ Show that reasonably simple methods of design may be used for any arc 


systems which are likely t to be built. ot Yo ah 


Dr. Iva (by letter). +—This. ‘interesting paper 

r induced i writer to offer some discussion that is to be taken only as a stimuli: 
The writer fully agrees with the author’s thet it is 
permissible to ‘consider only “three adjacent arches of the whole multipl 

‘system, assuming their outer ends to be fixed. The elegance of the graphic 


method | applied by the author, and the clearness of his description also deserve 


3 appreciation. _ According to the writer’s experience, however, t the use of the 
, graphical method, based. essentially on the drawing: of funicular polygons 
does not guarantee the necessary exactness in the case of longer spans, ‘that is| 


2 in those very cases in which the application of the theory of elasticity i is not only 


permissible but necessary. _ The designer w will experience reat d disappointment 
and the results may be quite inconsistent with the general rules of equilibrium 
re. of arches, if he relies on the drawing of funicular polygons, no matter w shethet 
r it concerns a simple arch ora multi le- arch system. . Therefore, notwithstant 
oe the clearness of the graphical method, it must be combined with the 


analy tical method in all important. cases. - Whether the latter method become 


cumbersome and more laborious than the graphical method, depends largely | 
on the training of t e designer. ES ee 


In addition, the analytical method will afford a an insight into t the nature of 
- the problem that t the g or ‘aphical method never can give. _ The analytical mel 


7 - brings out t the relative i influence of the ‘different causes, t that is, the elastic 
of the arch, of the pier, and of the soil. In some cases, especially for ° very ‘Tong 


or flat arches, it may even be. ‘important: to take into account the 


-— influence of the change of span and rise on the stresses. 7 This 1 is quite feasible 
‘with the analytical, but not 80, the writer believes, with the graphical method. 


ods SPORE NE who have to deal al with the multiple- arch system and desire to oom 
preh end d its 3 characte ‘ ics, should study the excellent paper of Fr. Enges# 


“entitled, mit elastischen -Pfeilern (Bogenreihen)”s 


ati Prof.,. Polytechnical School, Munich, Germany. fieds 
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Twenty-three ; years ago, Engesser, a most prominent scientist and civil engi- 
neer, made an exhaustive - investigation of the multiple- -arch syst 


em in com- 
parison. with the ‘single arch. treatise not only concerns arches of 


and masonry, but of every other ‘possible m material and treats of arches with 
three hinges, two hinges, and 1 no hinges. His methods, which are e entirely 


analytical, give a clear insight into the static and elastic properties of the 


system. The results | are condensed in formulas of comparative e simplicity and 7 
of a form which permits of discerning the various influences, both qualitatively : 


2 


to the 


ust quantitatively, 
Engesser’s 1 results a1 are probably unknown to most American engineers and, 
ed { in ‘the writer’s opinion, their t ranslation into the E: nglish language would be 
writer ¢ desires to emphasize that generally : speaking he does not dis- 
parage the graphical method, but believes in a judicious combination ¢ of ‘the 


two methods. . He appreciates greatly the scientific value of the author’s 5 
treatise, 
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CON DARY STRE ESSES IN ‘BRIDGES: bending 
urnen,t Au. Soc. . C. EL (by letter).t—The author defines} strongly 
stress in a truss ‘member as equal to one-half the difference between The 
the extr fiber stresses at any section. “seconds 


Stress variation in a compression member, I however, may largely result them a 
from: column action of the primary stresses independent of “truss distortion stead of 
(the cause of -called additional stress), but depending on the buckling § the str 


Or torsional tendency incident to the make- “up 0 of the built section, which i is -penden 


explicitly disregarded in the proposed analysis. of the | 

Secondary stress theories were first developed to explain the collapse of on whic 
certain: German bridges designed in accordance with the letter of commonly Th 


formulas, and customary working | ‘stresses but lacking in engineering 


~ | a judgment as to the make-up ‘of the sections and the application of formulas ing i ine 
not theoretically perfect to provide for the primary s stresses in the compression - ance ha 

* iil Between the behavior of the serviceable and the unserviceable design | membe 
a there oust a wide difference unless the foregoing ingredient of good practice theory 


is taken into consideration. — Even then the scope of assumption necessary to mary s 


bridge the gs gap needs to be wide indeed, unconfined by the narrow limitations for in 


of Hooke’s- law on which elastic theory is founded. 

“In 1877, the University of ae a price for the solution of t ape ures ni 


angles suffer no change wr: 


Tn the published theory of secondary : stress is found no experimental meas: and pi 


~ urement proving that the angular distortion of the gusset- plates i is of such 8 bearing 


problem, worded by - Professor Asimont : as follows: ; What stresses arise in the weakne 


low order, i in comparison with the minute angular change in the truss tri are hir 
angles, that it may be disregarded. Computation | covering | this pertinent ques and ¥ 

tion is likewise lacking, notwithstanding that the accuracy and utility of the FP only 5 

analysis s depend on these relative magnitudes. velop 

_ Engineering opinion may | be divided into te “deaths of thought on the about. 


question of the value of the stereotyped computation of secondary bending 


‘The old : school regards such secondary stresses as an element ‘Pressic 


a __ * Discussion of the paper by Cecil Vivian von Abo, Jun. Am. Soc. C. E., oe 


Engr., Minneapolis, Minn. 


by the Secretary, October 4, 1 1924. 
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"DISCUSSION ON SECONDARY STRESSES ‘BRIDGES 


additional strength in the well proportioned -frame—one_ free from radically 
acute angles each of the elements of which ; presents a small departure only from 
the equilateral triangle. Under such practical limitations the elastic: stiffness 
of gusset-plates at the joints reduces the vi vibration under rolling load and the 
bending resulting | from the v weight of the members. In the case of compression — 


members the restraint of the ends: caused by the gusset-plates increases the 


column strength. _ In the top chords distortion of the truss triangles particu- r 

larly in a camel back simple span results in a favorable ‘upward shifting of _ 

the center of compression from the lowered position caused by the bending a 

due to the w veight: of the member. The trend of present practice in the pro-— 


Wer ay 


gressive substitution of “stiff 0 riveted cor construction pin- -connected. spans 


younger school of theorists, on other scent danger all 


secondary bending stresses ‘regardless of their direction or sign and 


them as an invariable source of weakness, to be combined numerically in- | 


stead of algebraically with the primary stresses. Contrary to the elastic theory — 
the strength ‘is computed as proportional to” the principal stress and inde- 
pendent of the greatest displacement. Now, displacement i is the joint product — 


of ‘the principal s stress, and the shear th is explicitly ignored in the premise — 


In the ordinary built- up twisting or buckling of webs 


pooert flanges i is the predominant distortion preceding the plastic bend- bp 


ing incident to the follow- up motion of the machine after the elastic resist- - 
ance has been overcome. po This rotary or buckling tendency of the compression — 7 


“member made up p of thin plates and angles i is neglected i in the ordinary on) 


stress, although to truss distortion, ‘is assumed to be 


or in the secondary stress computations advanced to explain the collapse of 


* The value of ‘secondary stress ‘theory as as a useful explanation of thee fail. 


narrows down to a question of the relative magnitude of the torsional 


Weakness of the column under primary s stress (disregarded in column theory) 
and of the bending weakness under truss deformation. 7 Torsional © weakness 


varies w ith the form and | make- “up of the section, as shown . by tests of angle 


and pipe struts of equal slenderness ratios, pin and ball-and- socket 
bearings. Round pipe columns develop the same strength whether the ends 


are hinged on a pin or fitted with a spherical bearing. On the contrary, angle 


and T- -sections, the slenderness ratios of which are greater than. 140, 


only 57% of the, strength with round ball-and-socket bearings that. they de 
velop with pin-bearings; and the pin- -bearing, angle-i iron strut, develops only 


about | 85% of the resistance of the ; pipe strut. _ Nevertheless, : according to the i 


‘common (but defective) theory of primary stress resistance of sin mple com- q 
pression members, these divergent types and details would be computed as_ 


7 
Possessing same If such exists: 
in Providing 


diver 


toc compute the ‘of secondary sources of weakness. 
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- As the strength of the entire section is the sum of the resistance of its 
_ parts plus their combined action as co-ordinated in the form or make-up of the 
‘cross- section, the column section may be divided lengthwise into narrow par- 
allel strips. ~The slenderness ratio of each s strip » of the hollow column is less 


would be less than the whole by the amount of their combined action in sup: 
ean each other. a In the round pipe the strips | support each other so per-_ 
a fectly that pure torsion would simply increase the length of each as in the 
case in a solid section ; but with an angle, or star- shaped ‘section, twist 
a shortens ‘the : section and a tendency develops to twist out as well as to bend 
7 out from under the load. The tendency of an outstanding flange to bend is’ 
¥ restrained by the e metal normal t to its least dimension ; hence, if several flanges: 


have like tendencies to buckle as in a Z, Wy: or star-shaped section, rotary 


distortion results, the tendency varying as the square of the projecting length 
of flange divided by the distance between the centers of gravity of this" and 
the opposing part which resists the buckling. ll ba 


This: matter has been discussed at elsewhere* by writer, the: 


4 composed of 0 one -in. -in. W web cb and two 5 by in, by i -in. 1. angles, ot or 
 star- -shaped | sections composed of one 20-in. by 8-in. plate, two angles, 4 by 
4 in. by 2 in., , and two plates, 10 in. by 3 2 in. (similar > to the m make-up of the 
defective German designs) is so much lower than tl the @ apparent strength com 

puted by ordinary formulas, that their collapse under primary stresses 
-shoilld have caused ‘no surprise or comment. As the collapse of the defective 


German designs m may thus be accounted. for without resorting to the theories 
of. secondary stresses evolved by Manderla, Miiller- Breslau, Mao, and Ritter, 

it is obvious that the bending stresses computed by these methods are greatly 
exaggerated or "largely imaginary. , Fora given loading it is evident also that 
unrelated causes cannot account i in toto for the s same phenomena. 
The assumptions underlying the conventional secondary stress: theories 


be as 3 follows od? to noitzaup 


a “tortion « or r bending of the member in the plane ‘of the truss without rater 

gtrain. to yd awode ea edt to qu-sdnor bias alt 


af That s safety from failure is. by extreme fiber stresses 


Sit 
mie in nature for practical purposes of computation. 


__ Assumption (a) is inadmissible, for torsion of the column or its elements 


; esulting i in the buckling or the rotary” distortion of an - unsymmetrical section 


“Elasticity and Strength of Materials,” Section IV. 
= 


than that of the whole, and therefore the strength of the sum of the strips" 


| 
ft (e) That the s stress: ‘mechanism of ‘columns: may be 
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DISCUSSION ON SECONDARY STRESSES BRIDGES 
is the greatest and most dangerous of indirect stresses; Assumption (b) is 

inconsistent with Hooke’s law on _ which elastic theory is founded ; Assump- 
“tion | (c) is discredited by experiment; Assumption (d) is at least fourfold _ 

in n error; and Assumption (e) would upset fundamental conceptions of the 
theory of internal stress and is moreover discredited by experience, which 
teaches that the sh short column cannot logically proportioned by Euler’s 


formula for the bending of long columns. a 

the ‘The kind of accuracy s0 laboriously attained under these 


recalls the case of a shop drawing once checked | by the writer. The lettering» 


wat | and figures were as neat as copy- plate, but each different rivet space was given — 
il “in odd or in, Pressed as to his” reason “for such ‘spacing. the 
‘draftsman. stated that it made the drawing look accurate. Or On further ques- 

gth tioning regarding field connections that did not match and main dimensions" 
nd that were 1% ft. in error, the ‘man assured the writer he would “get a looking 


pe Looking with a similar instrument into the German assumption of identity — 


* to stress mechanism of columns and beams in flexure, it would appear that 
whereas, for the beam, the deflection is closely measured by the extreme fiber 


ra, - stress, in the case of the column it is not; this latter is because, unlike the — 


deflection of the beam, it is determined largely by shone. which 
iter, ‘is regarded as negligible in t the beam. To locate the axis of the compression — 
_— member about which the ‘shear distortions are balanced, there i is found the 


locu s of the center of pressure instead of the center of seating ail the section _ 


tive 
wee % that t the moment and the resistance to moment differ ‘radically | from beam 
action. Thus, in the beam, j the greatest tensions and compressions are par- 


allel to the La and their values. on a cross- = of severest intensity re- 
that | “UCe to zero- at the center of gravity of the sectior In the sscounnd on ll 


yries 
a maximum at the and a mean at the ‘enter of the section 


instead of zero as in the beam. Accordingly, the same conditions of bending — 


and the same moments of inertia cannot apply to two conditions of stress sO 


iff 

erent from each other. un Lasidqere odd od 


o Ih tests it is “observed that when the column commences to bend appre- 


ciably its equilibrium is unstable and it is practically on the point of Loe 


In reaching this point the state of stress within the column must have been 


anging radically with very little defection. Stated in another way, the 


bending of the column does not take . place i in proportion to the applied force; — 


axial 
po nevertheless, as the writer has endeavored to show ‘elsewhere,* if the divergent 

‘oak , ate of stress: from that of the beam i is given proper consideration ‘it does 


1y effort by which the magnitude of subsidiary, stresses may be rationally 
‘determined is a matter of ‘scientific interest. becomes of practical value 
“only as these stresses attain “substantial: “magnitude, Ordinarily, 


2. 
stresses: and stresses in the compression (whioh's are neglected 
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184 ‘DISCUSSION ON SE 


a ___ For about fifteen years the writer has been accustomed to calculate these 
 distortional stresses bridge trusses wherever either the magnitude, the 


layout, or the duty of the structure suggested, and although he claims some 
- acquaintance with most of the methods presented, he must confess total ignor- 


- ance of that attributed to Dr. Mao. From the study made in the paper he is 


ead of the ‘opinion that this new method cannot be considered as of 


practical value, and : agrees with the author, ‘that the solutions of ‘Manderh 
and Mohr are much to be preferred. On the other hand, from his own “experi: 
ence, the writer would reverse the order in which the author classifies these 


fh. Py 


methods, preferring” the semi- -graphical method of Mohr and Williot. 
Having begun with Manderla, he has come to accept the other as more > quickly 
solvable, and more “visual”. To his mind the Mohr method deals with actual: 


“ities, ‘rather than with i imaginary or artificial functions such as are introduced 
reins 


by Mao and other investigators. ~The: ease with which the angles and moments 
ean b be plotted, makes the graphical x method a realistic means of portraying to 


4 Y STRESSES IN BRIDGES 
and ignored in the German theory of secondary stresses) greatly 
Ee the longitudinal secondary stresses produced by truss distortion which, there- and 
fore, need to be given consideration only in | the case of improper design. write 

7 oa ! By avoiding acute- angled triangles which cause the deformations to become due 1 
7 @ excessive, the secondary bending stresses are reduced to a negligible amount. plicit 
their precise determination will be of scientific interest when 
developed in manner consistent with ‘Hooke’s law, with ‘the elastic bending | 
z of the ¢ compression member, and with the known characteristics of the state | _Npebs 
of stress. . These have been disregarded i in the theories heretofore proposed. 
P. L. Pratiey,* Esq. (by, letter). +—The writer ‘that the collection 
criticism of the various methods discussed by the author, by which the 
distortional stresses in a frame may be determined, is a really valuable work. es 
A paper of this nature, however, is not. one that lends itself readily to coke 
discussion, as so much of it isd demonstration, either of theory OF methods of ® Purp 
“3 calculation. The author i is certainly, to ‘be on the patience 
display ed in the prosecution of such an amount of tedious labor, and also on strest 

“¢ “the general clearness | with which he has presented both the methods of the : does 

various investigators and his own conclusions. 


the eye the actual conditions in the framework, and making the calculator 
familiar with the values. th’ functions used in 


the are susceptible” to experimental chetking, as has been 
demonstrated by Swiss engineers. ‘The writer solves Equations (55)t by a 


— - simple method of | successive approximation ; four or five repetitions always 


result i in sufficiently accurate results for > M = 0 to be established at all panel 

: c points. The author points out in his Tables 168 and 24|| that the Mohr method 

is practically as accurate as any, giving results almost identical - to Lae 


places with the elastic ‘weight and the brats Manderla methods. fe 
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Papers. DISCUSSION ON STRESSES IN BRIDGES 
dow s . The influence line diagrams Figs 58 to 68,* inclusive, are also. of “The 
ere: ‘ and the thanks of the profession are due the author for - compiling im The 


writer has collected from these diagrams the primary and ‘secondary stresses 
due to full load conditions (which i is the case usually. adopted for ‘calculating 


UNIT STRESSES IN LB. WITH 
ling Lath ; OF Tah Toy, PANEL LOADS|OF 1 000 LB. 1,40 
state mri to 


07 68349, 


IN LB. FOR 4 LB, 

PANEL POINT 

TRESS AT: ENDS, tj 6 4 
PRIMARY STRESS AT CENTRE OF MEMBER. 


8.92 


1s of "_ purposes) and for compar ison nm has added the corresponding diagrams for ‘the 


ence two! diagonals under the lo ading which ‘produces their maximum primary 
age 2 stress (Figs. 94 and 95). From‘ these it appears that the full ‘load condition 
the does” give “satisfactorily close approximations to ‘the’ maximum combinations, 


even ‘at the'bottom of the first diagonal where thé variation is the greatest. 


these 

deal ti” sbain ad ot enolighuamtos now ey 9 

illiot. 4 the : fiber ‘Stress amounts only to about 270 lb, per sq, in. taking | a panel load o of a 
Lickly 000, lb, (appr oximately, In Fig. 96 is shown, the total resultant fiber 

bith 

tual stress on gross areas, the truss being fully loaded. with 125 000 lb, at | each penel 


Juced point... The secondary ‘stress is given only where it exceeds 1 000 Ib. per sq. in,, 
ments [ and it will be seen that it never reaches 11% of the common unit, 16 000 Ib. 


ng to 80 that for this type of truss it can be 2 safely neglected. An initial occ 


alator in the length of the. vertical members is sometimes resorted to, as a means, “a 


ed in minimising, the secondary s stresses induced in the chords in this type of truss. . oo 
been 8S. Jacosy M: ‘Ant. So Soc. be: of interest to the : mem-— 
hye | a bers of of the Society, to know some itéms of human interest connected with the 
on: secondary stresses: An the Graduate School of Cornell University, 
pane! which culminated in ‘this ‘paper. In the fall of 1912, Mr. José came to 
ethod the University for a ye year’s graduate study before returning» to ‘the Philip- 

Pine Islands, his native land. He. had completed: his ‘secondary education 


in Germany, had been: graduated: Civil -Engincering® the “Zurich, 
Switzerland, Polytechnicum, and had been* employed in ‘the Engineering 
Department of a bridgeworks i in Berlin, Germany, for’ year,’ while 


* Proceedings, Am. Soe. 1924. pp. 1084-1086. 
Prot. of ‘Bridge Connell Bethlehem,! Pa. “ai 
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DISCUSSION: (ON SECONDARY RY STRESSES IN BRIDGES apers, 
| tional practical experience had been secured during one or more ‘summer was reat 
vas reac 


vacation periods. When asked whether he had considered the choice of §f stresses, 
ia | thesis subject he replied that he would | like to write a thesis on ‘secondary preparat 
. stresses. This v was a a delightful surprise, since this subject had been in the of Arts, 
_ speaker’s mind for some years, awaiting a student who had the requisite matics, 
Paez had been accustomed to use French, German, and or after 
English, in addition to his native language. In order to secure come knowl Beach de 

i = of the relative advantages of the different methods of computing secondary courses | 
stresses, he applied | most | of the methods” described ix in Mr. von Abo’s paper matics, 


a to a oa single bridge truss. — He called special attention to ‘the time and Tabor or of de 
s saved by the-use of Gauss’ theory of normal equations, thus also checking the ERE? 
solution step by step. He was led to use this method throughout because he student 
had chosen Geodesy. as the minor ‘subject in his graduate work, He also four yer 

levelo an additional approximate metho univers 
_ el _ Mr. Thomson E. Mao, a Chinese student, ¢ came to Cornell University for a educatic 
4 year’s graduate work i in 1916. His thesis was on the design of a two- hinged The 
spandrel-braced arch with, ‘cantilever extensions on each end. studied tion of ; 
‘ thesis of Mr. Paez and voluntarily extended his own thesis beyond its original English 


plan by computing the secondary stresses in ‘the arch truss for a load at each stresses, 


eit 
panel point separately, which required t the solution of ten sets of simultaneous” especial 


Mr. Mao’s interest st in “secondary | stresses due to this experience did not 
diminish after leaving the University to secure practical experience with irs 


large bridge company in Pittsburgh, Pa. ‘a. He thought that there ought to be fy Monat 


some method which v would enable the necessary ‘computations to be made with: 
less labor. ‘He devoted much study to the subject for several y years, and finally itt 
both the analytic and | graphic methods which he discovered presented in 


a thesis for the degree of Doctor of Philosophy : at the Carnegie Institute of 


Technology. Time did not permit: Mr. Mao to apply his methods beyond the i 


case of full live loading. When Mr. von Abo applied both of Mao’s methods | be: igi 


toa bridge truss with an unsymmetrical load, it was disappointment to Tearn 8 
wes ts of whic 
that the promise of advantages: previously indicated could n ot be ‘realized in 
1924, a K.P. Bahjejian—devoted « some time to an examina: Th, 


of Mao's methods as given in the published abstract of his thesis. He 
"discovered the interesting fact that although the deduction of the ‘fundamental $ PBHIWE 
- equations is based on tadically different ideas, the form of certain equations is 


= same as the corresponding ones in ‘Miiller- Breslau’s method. onl 


paris 
| This leads to an explanation of how Mr. yon Abo’s paper came to be prepared : Ga my 
in ‘its original form, The most decisive ¢ element of t the proceedings w was the Bie The 
action of the Mr. von 3 work at higher 

16 000 


that, Mr..von Abo spend the third 3 year in residence at ‘Corel 


University and write his thesis there. 


_ Since the Committee made Lad suggestion regarding the thesis sub bject —_ 


} 
—— 
a 
: 
| 
ma 
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DISCUSSION ON STRESSES IN BRIDGES 


was ready to consider and then to adopt a ERNE ae ae 


stresses. This subject was suggested because of his exceptional educational be 


preparation for the task.. He had previously received four degrees : Bachelor r 
of Arts, Bachelor of Science i in Engineering, Master of Arts in Pure .Mathe- — 
matics, and Master of Arts i in Applied Mathematics. In no case, either before — 


or after coming | to. America, did he ask for advanced credit and, ‘therefore, — 


; each degree represents full- time work in residence. A 4 was found that his 
courses of study had given him excellent facility i in handling : advanced mathe- . 


matics, a _ working knowledge of theories of elasticity, methods of Teast work - 


or of deformation, advanced graphic statics, ete. _ Accordingly, he had com- | 


mand of all the tools necessary to excises this difficult technical subject. “i ‘That a ; 


four + Years ( of graduate work, should be advised to take his last : year in a ‘sister 


university, represents a generous spirit of co-operation unparalleled in higher — 


The speaker believes that the Society deserves great credit for the publica 
id of this paper, thus making available to the Engineering Profession in the 


English language the ‘present status of theoretical knowledge on secondary 


it 
stresses, the importance of which will undoubtedly increase with the years, 
especially to bridge engineers. 


is } an aii of stress in excess of the calculated axial stress, An engineer 


usually has not. the time to make a complete ‘calculation of secondary stresses, 
and seldom has the funds with which to establish them by ‘calculation or 
strain-gauge measurement. It is desirable, to have some means of 


approximating secondary - stresses, ‘that is, to determine what the maximum 


wa great many secondary stress readings were made on the Niagara Bridge, 
of which only a few were published i in the speaker’ 's paper.t _ It is hoped that it 
the complete records of those measurements may be placed on file at Society 


Headquarters so that all engineers may have a chance to study them. ts 


The , speaker d does not deem it proper to compare. measured secondary stresses 


at the ends of a member with the calculated stresses at the center., At Niagara, ; 


the stresses for certain members ‘were. read at the ends" and also at the « center: 
under the same conditions of loading, thus giving a direct experimental. com- 
parison, results were plotted and compared with those made on the Hell 

Gate Bridge, to determine a safe maximum to apply to all ‘members. ‘4 cares 

_ The real purpose of ‘computing secondary ‘stress is to justify the use of 
higher unit stresses ; for instance, at Niagara, instead of a unit stress” 
16.000 lb., 20000 b. used; and had the funds the time sufficed 


determine more closely all the stresses, that value would probably have been 


exceeded. The time is coming, it is hoped, when a locomotive loading such ; 
1S 


Civ. Engr., , New York, N, Y. tyot “iow off 
vision of the Niagara River Arch Bridge, Transactions, Am. Soc. E., Vol. 
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Re 90 will be used ‘atid’ when, knowing all the stresses in “the bridge, the 


< elastic limit will be used as the 1 maximum allowable unit: stress; then the exact at 
limits to which a bridge can be loaded will be known. alt 
“According to the ‘records the Niagara Arch ‘as originally did 
a ot ‘close at the center of the top’ chord, 8 so it was jacked apart with a small * Ree 
_ toggle at t ‘the center ; ‘actually it was jacked partly with the small togg gle, , and edges ‘ 
7 fully with ‘the erection toggles at the vend; and then a shim 1 in, thick was in Niagar: 
This introduced what might be te termed a a secondary axial stress in 
, all: the members ‘of the bridge. This was v very fortunate as the investigation | By taki 


os in 1918, by, jacking the top chord apart with a heavy toggle which exerted a regardl 


cou ag about 700, tons, made it possible to replace ‘the shim with a thin member 


‘thus. making ‘the bridge a almost a three- “hinged arch and reduced the The 


he stresses to such an extent in the top chords and web members that the fia) 


by some 
would carry heavy ‘modern Io loads. Cate Lo 7 ni witeh 
modification. of this tog gle was used i in 1919 to take up, the dead wp.to 


posts in a, the side ‘Spans so that the dead load i 


its stres 


val the 1 new parts ‘did not have to wait ‘until ‘the old parts “were over-stressel B 
es before they assumed their load. q Strain-ga ‘gauge e readings were made that showed vill ai 


instrument; ‘the Fuller: West, an gauge; and the Howard Nia, 
gauge which is a ‘micrometer instrument and cannot be used ' for’ measuring caleulat 
he stress ‘under a moving load, but only for dead Toad, or a live load ‘standing on compari 
the ‘bridge. This practically disqualifies the Howard gauge ‘for future live points 1 
« load stress measurements. The Berry gauge, on'account of the delicate lever Laas 


méchanism, was found ‘to vibrate so much in taking” impact ‘measurements 
that one could only guess at the maximum readings for impact. | yy ae 


“a ‘After some consultation with the speaker A. H. Fuller, M. Am. Soc. C. E, 


proceeded to have his mechanician, Mr. West, at Lafa ette College, devise an an app) 


in improved instrument, the Fuller- West gauge. Quite ¢ a number of these instrt- relative e 


ments have since been used, and ‘it has been found that this gauge because of its stresses 
more practical design and- dial gives steady readings; in other words, when §% More th 


a train is running across the bridge, ‘the dial needle will crawl up gradually _ Itis 


“a to the maximum without vibration, and as the load goes” off, will drop back the sup. 
again gradually so that it is possible to read the maximum accurately. Ta progress 
lis engineers who are “engaged in strain- -gauge ‘work will find that this 
gauge (although not so. accurate as the mirror extensometer) will give satis: 


a factory “results for ordinary practical work. ' Arrangements are being made 


from 
Mm as 


tis 

ty with one of the’ large manufacturers ‘of instruments to put this gauge on ‘the oe 
market, so that it will be available for general use. 
199 The  sécondary stresses at ‘Niagara were represented in the speaker’s pap 451! 


by! diagrams* showing th the percentages on the members at the » panel points: 


No dangerous secondary stresses were found, probably « on account of the fact, 


— 


. E., Vol. LXXXIII (1919-20), p. 
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DISCUSSION on ‘SECONDARY STRESSES IN BRIDGES 


as Mr. Ammann has stated,* that there v was a re- e-distribution of stress ess when it 
approached. the elastic limit. On the inside of the posts, curved brackets w were, _ 


connected with the railway floor- -beams, which greatly increased the secondary 
stresses; it seems practically impossible to ‘calculate such secondary stresses 


pe Recently, in large arch bridge, angles were provided ‘to reinforce the hy 


edges of large gussets against secondary stresses. 7 Readings made at the na 
Niagara Arch on the edges of the large disclosed no s secondary stresses; 


$8 in evidently, t] the truss members rotate uniformly and carry. thé. gussets with them. Nie 
ation By taking account of secondary stresses, an engineer can feel perfectly. ‘safe, 


ted a regardless of, the distribution of s stress, as to the total unit stresses” in all 


L the _ The late Paul Wolfel, M. . Am. Soe. C. E, related. an interesting case covered 
ridge by some German experimenters who ‘measured the stresses in a roof truss, in 
: which the knee-brace ran from the post, through the bottom chord of the truss, — 7 


up to the top chord.” They varied the sections of these members i in different — 


experimental trusses, making each of the members ‘in; turn too small to. take a 
its stress ; and measuring t the stresses in the various inembers described, it was i 


found that the the stresses were 1 re- -distributed, 8. that’ none of the members. was 
over- -stressed, That is another corroberation of the fact that t secondary: stresses ye 


ved 
vill distribute themselves throughout the’ cross-section. to 
% / An engineer always desires to know the magnitude of the secondary stresses, — 


x At Niagara, ‘there being neither the funds nor the time to make’ a complete 
oward 


ating caleulation for every point in the: truss, these: stresses ‘were determined ‘by 


La comparison with: the Hell Gate curves superimposed on the Niagara panel 


live Points to’ the same relative seale, and with ‘curves plotted from the Niagara 


lever secondary stress readings; in every ease “secondary stresses were used | SO as to 


One stress not considered at Niagara the traction or braking stress 
E, from a suddenly stopped train. Account was taken of all the other stresses; but i 


ise at | approximation of ‘the traction and braking stresses showed them to be 
nsttt | telatiy rely so small, that they were not included ; in the total stresses. The = 


, of its HS resses were fixed at 20 000 Tb. in, tension, for steel with an elastic ‘limit of 
when more than 30 000 Ib. per 


dually Iti is hoped that the Society will s soon issue a specification that will represent _ 
back the super ior limit of engineering knowledge. Engineers. are conservative, but 


progre 8s demands that in bridge ecifications all factors should be included, y 
satl Proceedings, Am, Soc. C. E., December, 1924, p. 1600. vot 
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MEMOIRS OF F DECEASED MEMBERS 


-- Norg.—Memoirs will be reproduced in the volumes of ‘Sranensiinn. Any information 

which will amplify the records as here printed, or correct any errors, should be e forwarded ed to 


ALBERT HILANDS- ACHER, M. Am. 


Ae 


Albert Hilands Acher, the son of Albert M. and Mary (Hilands) Acker 


4 was born at. Greenville, Pa., on June 6, 1885. Both his parents belonged to) 
families locally well-known | ind respected ; his maternal grandfather was one 

of the first to enlist for ‘the Civil War. - Tn his early childhood the family 
‘moved to ‘Canada for a few years, ‘returning - to Pennsylvania when he wa 
a ten. years old. He attended the public schools i in Toronto, Ont., _— and 
jest 1904, on one year at the Grove City College, Mr. Acher was nomi: 
mated to a cadetship at the United States ‘Military Academy by Representa- 
tive J oseph R. Sibley, after a competitive examination, from a large number of 
candidates. He took high rank at West Point, both in his military duties 
and his scholastic work. © As’ a Cadet. Lieutenant in his first year, he was 
_ placed in 1 charge of the preliminary training of. the entering class of new 
“cadets—a responsible appointment and clear proof of the confidence “placed 


in him by his superior officers. df He was graduated in 1909 and commissioned | 


Second Lieutenant the Corps of Engineers, U. Army. sot u op | 


ne After short tours of instruction on the Isthmus of Panama and in im- 
portant Engineer Districts the United States, Lieutenant Acher_ served 


2 - & student at the Engineer School of Application and. with the Battalion of 
«3 Engineers at Washington Barracks, D. C., until the spring of 1912, , when he 


was a assigned to duty on the | Canal Zone u under the. Isthmian Canal Commis: 
. “Sebi ‘He served for a few months: as J unior Engineer in the Light- House 


Sub ander Mr. wW. ‘Beyer and w was then transferred as Assistant 


‘Engineer to the Fortification Division, of which he was in charge during his 


nine months on the ‘sthmus. In J uly, 1915, he returned to the United 
_ States and served for two years as Assistant in the Uv. Ss. "Engineer District 
ot. headquarters at Los Angeles, Calif., his principal duty being the pla 
ning and building of seacoast batteries at Fort Rosecrans and San Pedro, 
: Calif. then served for a short time a as s Adjutant of the 4th Regiment of 
Engineers. was followed by six months’ duty i in charge of the Seattle 


= Wash., District, from which he w was relieved i in 1917, a 


_ promoted to the rank of Lieutenant-Colonel and Colonel of Engineers in the 


 * Memoir prepared by Maj.-Gen. H. F. Hodges, U. S. A. (Retired), 


The was assigned to the 4th Division por to ¥ 
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Memoirs.) ‘MEMOIR OF ALBERT HILANDS 

“temporary forces on February 14 and August 1018, reopectivly 

command: of his regiment and as Division Engineer of the 4th Division, he A 

took part in the Second Battle of the Marne, July 18 to 23; ; in the — 


| ‘Riv er ‘Campaign, August 3 to 12; and i in the Meuse- -Argonne Offensive, Sep- 
tember 26 to October 10, 1918. He was then’ transferred to the 102d Engi- 
"neers Commander and also— assigned as Division Engineer the 27th 
Division; ; in these capacities he ‘took part in the operations of the ‘Second 
American Army Corps with British Fourth Army under General Sir 
Henry ‘Rawlinson until the Armistice on November il , 1918. ‘Those opera- 


tions included foreing La ‘Selle ‘River and driving the enemy back ‘the 


After the Colonel Acher from 27th Division 


Tialian Division a ‘the War Damage Sec tion: of the 
' § to Negotiate Peace. On the conclusion of this duty, he closed up the | affairs © 
al of the I Light Railways, of the American Expeditionary Forces, which occupied — 


: him until his return to the United States in June, 1919. He was then placed 7 7 
ber of fe duty in the Office of the ‘Chief of Engineers, U. S. A., in ‘Washington, 
‘D.C, where he remained until he resigned from the Army | on November 6, Pe 


1919, with the rank of Colonel in ‘the temporary forces and Captain in “the 


& 


the commendation of his the admiration and respect 
"ff of those who worked under him. Maj.-Gen. George W. Goethals, U. S. A. 
im M. Am. Soe. 6. said of his. work on ‘the Isthmus: 


served | “Tt soon apparent ‘that, a 
— Acher] possessed unusual ability and those rare and unmistakable 

qualities that constitute a leader, _ Were I to name certain of these that, to 

me, stood out above others in this connection I should mention his intelligence, a 


ymmis- fairness, frankness, loyalty, willingness to assume end carry responsibility, 
‘House and his ability to handle men. I can speak with authority and feeling of his 
sistant ae on the Canal for. I had many opportunities to cbserve it first hand and — ” 

i it never failed to measure up to the highest standard. Ae always found him 


his 
ng ‘| very energetic, bright, quick in thought and action, possessing good judgment _ 
Un and good hard common sense ; firm, yet fair in all his dealings; conscientious, 7 i’ — 
distr painstaking ; kind, generous ‘and thoughtful, of others ; and, above all, in- ss 


» pla tensely human. These same qualities” have heard mentioned by those 
Pedro, Ie having knowledge of his services in France during the World War, and they 


eile account for the success which he subsequently attained in civil life. He 
won respect, admiration of all with whom he 


17, and Colonel! commended by “Maj.- -Gen. L. Sibert, U.S S. A. 


\poraly (Retired), M. Am. Soe. C. E., then in command of the South Pacific Coast 


vice Artillery District for the economy and speed with ‘which he had built certain 


a 
important seacoast batteries. The Commander of the 4th Division, A. E, 


in recommending Colonel Acher for the Distinguished Service Medal, wrote 


uring the operations on the V esle River, the 4th Engineers, nder “a 
of ‘Colonel Acher, and inspired by his ‘personal | distin- 
numerous “bridges across that river under heavy 


noirs, 
4 
he 
ed to 
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 eatilless,: machine { gun, and rifle fire, and building other bridges as soon as_ Engine 


these were destroyed. "During the Meuse-Argonne Campaign, ‘Colonel Acher respeet 
planned, supervised and completed the construction of the road from the 
Town of. Esnes to Malancourt, a task of such vital importance to the ee bese di 
of the American forces that without it the campaign would inevitably have § Zaneu 
been brought to a halt. This work involved the construction of a new road ff Acher 
over the base of what four years before had been a road, but which had been § a 

| Aft 


torn, to pieces by the shell fire of both the Germans,and the French. Work 
was started at 9:30 P. M, and. accomplished at 2 M. on the following after- year, 
i ‘noon, ‘Between these hours 2 miles of road was built by four companies of tion. | 
. _ Engineers, 40000 sand bags being used. The road later became one of the th 
two main arteries of transport of ‘Army Corps. It was entirely to in 
Colonel Acher’s foresight in planning the amount and character of supplies contra 
necessary and arranging the order and distribution of his forces that this | reinfor 
road was built and the bridges over the Ruisseau de Forges" were completed tion w 
in ample time for the passage of the artillery and trains The B 
- “Qolonel Acher is a natural leader of men and has implanted in the 4th were v 
_ Engineers a spirit of helpfulness and an esprit de corps that makes the or- 


ganization not only a most efficient technical unit, but a highly trained | oat itt 
combat unit aswell. During the three major operations in which the regiment I, or 
has participated, Colonel Acher has, regardless of his own safety, exposed him- § oat 
self to hostile fire at, all points where organizations of his regiment were | always 
a _ working, and, by his personal courage, has been an inspiration to his men.” aL | needed 
"Another of the of the 4th Division, himself an nfantry- Officer: 
“man, stated, in reporting on Colonel, Acher’s efficiency, that: | 
. “T eonsider him the ai Engineer. Officer I have ever known. I feel also” | which 
he would make an excellent infantry commander in war. ow odw when 


“By his good judgment, energy, and zeal, he made the advance of the ently 1 
4th Division possible in the Meuse-Argonne offensive. “He holds a peculiar 2%, 199 
control: and influence over officers and soldiers under him, which increases 


Another of the ‘Commanders of the 4th. Division writes: 

| “Acher took command of the regiment, before its first action under fire, and di 


‘The Division owed him much. Not cnly was he an excellent executive and fair tc 
nt administrator, but he had the faculty of looking ahead, so that when move- 


in his 
_ ments were projected, it was ‘usually found that he had already ‘begun prepa- hike 


«OTe loyalty and spirit of service I lave Hever seen excelled. ‘His strongest felt hi 
age Sip P. “taralterintic ‘was directness in thought and speech. Quick to apprehend, he a brav 


made prompt, direct answers questions and equally prompt, sound, prac achiev 
tical decisions. ‘To hesitate, to consider trifles, or to move-in anything buta Qo) 
straight line ‘to his object was wholly foreign, to his nature. Personally, we j Oiy 


The Commanding General of the. 27th Division writes that the 102d Engi- 


neers, under. Colonel ‘Acher’s command, did exceptionally fine work in n the 


assault on La Selle River and the heights beyond, and that, 

“Oolonel, Acher| combined with a technical and prep- 
aration for regimental command .a disposition and. attitude towant 
oa his men which soon won their confidence and affection.” Wales A Ru 


_ formal letter to the American Corps. Commander the Commanding 


of the British Fourth Army, expressed his. thanks for. and his appre- 


the excellent work done by. the 102d 105th Regiments ‘of 
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Engineerg, command of Colonel. ‘Acher and Colonel J. H. ly. 


For his ‘ ‘exceptionally “meritorious and services” com: 


officer of the 4th. Engineers and, later, of the 102d Engineers, Colonel ie 
-Acher was awarded the Distinguished Service Medal the in- 
Chief of. the A. F, i in the name of the President. sift oF 


¥ After his resignation from the Army, Colonel Acher accepted. and held for 
a year, the position of Chief Engineer of the vw. 6. “Food Products Corpora- a 
‘tion. He then associated himself with G. ‘Bergendahl, M.. Am. Soe. C.. E., 
in the formation of. The Bergendahl and Acher Company, an engineering and ti 2 
contracting company which specialized in the construction of forms for 


reinforeed conerete. In December, 1922, Mr. . Bergendahl severed his connec- 


‘tion with the Company, which continued, under changed style, however, as 
The B. ‘and A. Company, with Colonel _Acher as President. operations 


& 


were very successful, Tt built forms for various reinforced concrete build- | 
dO oj 


ings in many cities, for ‘example, the ‘Americar Furniture Mart in Chicago, 
‘one of the largest, buildings ‘in the world, theasured by cubic. contents. 


Although separated from ‘the Regular’ Colonel Acher recognized 


97 


always his ‘obligation ‘to’ do ‘his part: in the’ defense of the’ ‘country when 4 


needed, and at: ‘the’ time: “of his’ death conititission as Colonel in the 


ebool Ils dtiw t vidoe 


He was’ ‘busily ‘engaged on the operations of his company and o: on Lond 4 
which he had almost perfected for extending such materially, 


when he was taken ill in the early ¢ summer r of 1924. The illness, at first appar- 
ently trivial , developed serious features, and terminated fatally ‘c on. ‘August 


Acher was married i in 1918 to Frances,’ daughter of General 
s. H. F. Hodges. ‘His widow and three daughters survive him. 


was man of great energy and force ‘of character, ‘straight- forward 
and direct in’ his" dealings, fast to’ his own “purpose, but ‘uniformly 
fair toward his competitors. ‘well: as his ‘associates. The’ men employed 
in his work were sure of: just and considerate treatment at his hands and all 

looked on him sith! admiration” and respect, tinged with” affection.’ They 
felt his death | as personal loss. He: ‘was capable and successful 


a brave and distinguished soldier. at His bert death ended a career - of unusual “a 


‘achievement: and still more unusual promise. Pi to moitieoq 


‘Colonel: Acher was'‘electéd’ an Associate Member of the 


Civil Engineers on April 7, 1915, a ‘Methber on ‘November 25, 1919. 


‘Rudolph Fink’ was born on ‘Noveniber 29, 1884, in ‘Lauterbach, Hesse-- 
| "Darmstadt, Germany. “He was the youngest of a family of twelve 


* Memoir compiled “under ‘ direction of W. L. Waatet Pres., Louisyille & Nashville 
Co., Louisville; Ky., from data |Fecelved from various: 
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born ‘to ‘Andreas and Margaret Fink. | ‘His: father, an _ architect, 


i. fully appreciated the advantages of a technical education and accordingly was 


to give his ‘such advantages. Rudolph attended the Polytechnic Engl 


- School in Darm astadt, about sixty miles from Lauterbach, from which he was Cae Th 


’ or Prior t to the completion of his special studies (about 1856), he had detern — quar 


x mined to come to the United States, where: his elder ‘brother, Albert, had been _ and : 


—- His first position in America was that of Assistant Engineer on the con 
se of the Baltimore and Ohio Railroad. © Int the spring of 1857, he was = 
appointed Resident Engineer in charge of track- layit ing on the Norfolk and 
Petersburg Railroad on which road his brother, ‘Henry, was engaged. Later, 


about 1858, Mr. Fink was induced by his brother ‘Albert, then with the Louis § 
a ville and } Nashville Railroad Company, to go to Kentucky where, asa 2 subordi- 
nate to his. brother, he rapidly adapted himself to American methods of rail 
ta ¥ road construction. He served with the Federal Army in the Civil War with 1 the aur R 
rank of Major, and during that stormy ‘period when the Louisville and Nashville Ree 
Railroad was subjected to sudden and severe destruction, he devoted most of his a D 
time to repairing the damage done by the Confederate forces. This enabled 
him to become familiar with call kinds of structures seating: 


goa si N ashville Railroad, on ‘Fink was promoted to the position of 
_ Engineer and Superintendent | of the Road Department. He continued to hold 


oof A 
bas About 1870, the | process of converting: scrap-iron rails into new ones by re B = A 


g was carried on by a number of iron works. _ About 1872, Mr. Fink left wala 
“4 ‘the Louisville and Nashville Railroad Company to become one of the pro- ~ 


ment 
of. the Ohio Falls Iron Works, at New Albany, Ind. Which company 
Was then engaged in this process of manufacturing new iron rails. The com 
work 
_‘Pany, however, was not successful, due to the gradual substitution of steel for 
iron. and also due. to. the ‘disturbance following, the financial panic of 1873. 


q Mr. Fink retired from this venture during the latter part of 1875 and accepted = 
the position of Senior City Engineer’ of Louisville, Ky. under the 


4 tion for years. In F 1878, he was appointed Assistant and 
7 ‘Superintendent of the Washington City, ‘Virginia Midland, and Great Souther Buil 


r ‘Railroad, leaving i in December of the same year to become General Manager of § ‘ia 


i August, 1880, Mr. Fink accepted a position as General Manager of the 


term 

Selma, Rome and Dalton Railroad, where he remained ‘until October 1, “when 4 duti 

‘he moved. to the City of Mexico and entered on the important duties of Chief ‘tribe 


Engineer on the: construction of Mexican Central ‘Railroad which he com 
pleted several years later with great credit to himself, In this position, it was 


necessary for him to learn to ‘speak and write anish in order to transact 
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ness with President Diaz and ‘other officials: in Mexico. This: he readily 


accom} lished as he was quite a ling ruist, speaking also, German, French, a and 
Pp q 


April, 1884, t, after th the completion of his v work i in Mexico, Mr. Fink became 
connected with the Memphis ‘and Little Rock Railroad. 3 with head- 
quarters at Little Rock, Ark. A few years later, this company was re- salelilliedl | 
and its name changed to the Little Rock and Memphis Railroad Company of - 
-whtely Mr. Fink became the President and General Manager, with headquarters 7 
in Tenn., to which city he moved. After the merging of the Little 


OR 


late Ss. Nicholas, “Five were born t to ‘them, one son 1 and ‘four 


Mr. Fink) was elected a Member of the Society of Civil Engineers 
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Alberto Angel. Tbargiien Pi born Cuba, on n May 31, 


Arts and Sciences. became a Land ‘Surveyor in. 1902. 


entered the National University at Havana from which he was graduated as 
an Architect, in 1908 and as a Civil Engineer in 1909. My. Ibargiien distin-— 


guished himself at the University, having | been ; an honor student in the Depart- . 


From 1902 to 1909, ‘Mr. Ibargiien was some pirate 


ngineer| of the District del Bio:. 
4 held. that position until 1923 when. he was. toa 
| position as “First Class Engineer” in ‘the Central Office of the Department of 


Buildings of Public Works, in . Havana,’ Cuba, which. position he held at the 
| time of his death. He is survived by Mrs. Tbargiien and four children. ree 


Ibargiien. was a thorough and conscientious worker. During his long 


term as Chief Engineer in the District of Pinar del Rio his administrative - 
duties left him little time for purely. technical matters; nevertheless, he con-- 


tributed personally to. many discussions, “especially of reinforced “eonerete 


big 


construction which he had adopted as his specialty. oT: Wroves 


tal * Memoir prepared by Francisco Jose Gaston, Assoc, M. Am. Soc. Cc. E, 
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MEMOIR OF ALBERT. WILLIA 


paver citizens of Pinar del Rio and members of the “Revista de la Sociedad 
Cubana de Ingenieros” have “requested ‘that a 15- -m. “highway ar arch bridge 
ne. _ designed by him and yet to be built, be named “Puente Alberto ‘Tbargiien” , as 
a token of appreciation of his merits as an Engineer and a citizen. — OI ae 


bse . He was a member of the Cuban Society of Engineers and for many years 


acted as its delegate i in the Province i in 1 which he resided... bas 


Civil on June 23, 1916, anda Member on June 16, 1919. Ler 


WILLIAM JOHNSTON, M. Am. Soc. C. E* 


trot bes wos of Diep SEPTEMBER 8 1994. “88 for otal 


ii 
1h 


Albert William J ohnston, ‘the son ‘of Thomas J ohnston and 


Metcalf J ohnston, was born ¢ on what was formerly Old Fort Hill in 


Johnston veceived his education in the public s schools of Boston, having 

graduated from the English High School in 1869, He th then entered 

the Massachusetts Institute o: of “Technology from which graduated 

ele Immediately following his graduation, ‘Mr. J ohnston was “employed on sur 
-veys for the Philadelphia and Delaware Railroad, near’ Philadelphia, Pa. 

‘During the winter of and ‘the spring of 1874, he was “employed 

Tnstructor in Mechanical Drawing i in ‘Boston. In the summer of 1874, he was 

a connected ‘with ‘the American Dredging Company and the Pennsylvania _. 

= 


7 Company : ai Assistant Engineer, and the winter and spring of 1875 he a ‘pare 


to the ‘General Superintendent with the Pittsburgh, aid St. Louis 


"Engineer and was attached to the office of the Chief Engineer, in of 


During the winter of 1879 1880, Mr. of was 5 engaged in 1 the 1 
‘of the Jeffersonville, Madison, and Indianapolis Railway, ‘in ‘Indians, 
but in ‘March, 1880, he went" to. Tombstone, Ariz., as Engineer and “Super 

intendent Spring’ Water ‘Company, where he designed and 
nd piped the water ‘supply into this town of 8000 

to April, 1882, he ‘served as Chief Engineer in charge of 

‘tadntdnatias for the Toledo, Delphos, and Burlington Railway Company, and 

from April, 1882 » to ‘June, 1888, as General ‘Superintendent of Construction 


with the Leavenworth, Topeka and Southwestern sere Company i in Kansas. 
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MEMOIR OF PAUL COOK NUGENT 
8 From April, 1884, to J anuary, 1889, Mr. Johnston was Division Engineer 
of Maintenance of the Eastern Division of the New York, Chicago” and St. 
Louis: Railway, with headquarters ‘at Cleveland, Ohio. Five years later, he 
‘was | appointed Division Superintendent and, ‘subsequently, General Super- 
a intendent, General ‘Manager, and, on J uly. 15, 1916, Assistant to the President. 
a He was retired in December, 1917, after thirty-1 -four: years of active | ‘service 
with the New York, Chicago and St. Louis Railway Company, ‘but continued — 


his residence i in ( Cleveland until his death on September 8, 1924. 


December, 1880, Mr. johnston was married to Flora Kimball, at Steuben- 
Ohio. J ohnston, with one 


OF 


_ He was actively y interested in all railway. ‘affairs, as Presi- 


of the American Railway Engineering and Maintenance- of-Way Associa-_ 
tion in 1908, and, of the. American Railway Guild. On his retirement 
from active service in 1917, 3 Mr. é ohnaton received more than three hundred 
: ‘letters from. those with 1 whom he had been ‘associated during his professional 


- career, one letter stating that his initials, “A. W. J el stood for ‘ “Al 


Mr Johnston was elected a Member of the American Society of Civil 

Engineers on ‘March 6, 1696. it 


‘NUGENT, MM. Am. Soe. C. th, 


of Civil Engineer fi 19907 bie ovult tot 
For several years’ following ‘his graduation from Rensselaer, Mr. Nugent 
my was connected with the Engineering De partment of the Southern~ “Pacific 
Lines, at Houston, Tex. In 1896; he accepted a position as of 

‘Engineering i in Lafayette College, Easton, Pa., which position he filled for one 
‘year, going from there to Syracuse Baiversity; Syracuse, N. Y., as head of the 

nowy created Department of Civil Engineering. of 

up. » his Department at Syracuse, remaining as ite head and 

: an active paz part in the academic life of the University | until J anuary, 1919. E- 
a this t time, ‘Professor: Nugent was also engaged ‘in consulting practice. 
He was engineer in charge of the construction of the ‘Syracuse University os 
Stadium which cost $500 000; he also planned and supervised the construction 
one of the “most completely: equipped hydraulic laboratories in’ the United 


States. ditseb eit ai oonobieor eid od 


McClure, M. Am. ‘Soc. 
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‘MEMOIR OF CHARLES: ORDEN 


health and, for his death, as of Civil Engi- 

neering in the University of Arizona. On his death, the Faculty of that — 
Institution, | by resolution, paid him the following tribute: if 


was als 
general 


“Tn Professor Nugent we all recognized a a chivalrous, cultivated, and noble 
minded gentleman; a scholar, a scientist, a friend and neighbor, gentle, gen- | 4 water 
erous, and considerate; an able and sympathetic teacher, tempering as he did, before ¢ 
lofty idealism with good sense and practical His patience and On 7 


7 On September 18, 1899, he was married to Mary Louise Logan, of Salem, ae 

Va., who, with two sons, survives him. 

In 1901, Professor Nugent edited a textbook ‘Plane Surveying”, for 


ag 
Professor Nugent was elected | a “Member of the American Society of Civit 


‘He was a member of the following fraternities: Phi Delta, Tal 


CHARLES HOPKINS VAN ORDEN, M. Am. Soc, 


Charles Hopkins Van Orden was born at Catskill, N. Y., on April 11, 1847. *hiladel 


= ‘His father, William H. Van Orden, was a lineal descendent of Peter Schuyler, In 1g 
+ “4 the first ‘Mayor. of Albany, N. Y. His m mother, Mary (Hopkins) ‘Van Orden, was on survey 


ro descended. from Stephen Hopkins, one ¢ of the signers of the Declaration « of in the fa 


ka, _, From 1873 to 1896, Mr. Van Orden was” with the United States Coast. and overhead 


Geodetic Survey and served; successively, as s Aide, Sub- Assistant, a and Assistant, veys and 
oa principally i in the South and in New En gla nd. He was Chief of Party for five Pa, and 
Jn 18 


Acting Chief for three seasons, and Seuior Officer for six seasons. ‘This 


4% work consisted principally of triangulation, but also included topographic, hydro- 
- graphic, and State line work. PP During the greater part of the last seven years  *~ man of 


of this service, he had charge of the field work of the Massachusetts Topo George 7 


FEV IE 


oi addition, Mr. . Van Orden ri Tan a double line of levels, 335, miles, from Works di 

Boston, -Mass., to Dobbs Ferry, N. way of Albany, N. He also _ From 
3 established tide gauges on the eastern end of Long Island, in. Buzzards Bay, York, dt 


4 in Block Island, and i in the Bay of Fundy. “od sewerage 
- _ After his resignation from the U. S. Coast and Geodetic Survey in 1896, Mr. FR” 


Orden was sent to determine the boundary line’ between Vermont oil Durir 
; Canad foll hich h di Ings for 
anada, 10 owing w ich he engage in private practice, as ‘Consulting | Engi eng 

age 


~ neer, at Catskill. In 1922, his health failed, and he was obliged to retire, but 
he continued his residence in Catskill until his death on May 9, 1924. 
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Memoirs.) MEMOIR OF THOMAS TYRRELL 

_ His work as a Consulting Engineer included the construction of a freight | 
railroad, 2 mile long, serving a shale brick factory, also a long, heavy trestle at 
a a steep grade, used to transport shale to the top of a building by locomotive. He s 
was also engaged on the construction of the sewer system for Catskill and in 


; iction m skill and 

’ general municipal e engineering work. © Mr. ‘Van Orden also devised a plan for 


a water supply for . Athens, N. Y., and was ‘engaged as an expert to testify 


| J before a State Legislative Committee relative to the improvement of streams. 

q \ere On July 16, 1890, Mr. Van Orden was married to Helen McLean, who, with | j 
daughter, Mrs. Ad, De Gozzaldi, and a son William Wendel Orden, 

ye He was an Elder of the Dutch Reformed Church of Catskill, and had been 


a member of the Holland Society of New York for a number of y years. 

Py. Mr r, Van Orden was elected a Member of the American Society of (Civil 

THOMAS TYRRELL HEIGES, Assoc. M. Am. ‘Soc. C. E.* 


fi: 10, 195 


Thomas Tyrrell Heiges was born at York, Pa., on September 19, 1871, the 
son of Dr. J acob D. Heiges and Anna (Smith) Heiges. . He attended the public _ 


schools « of York, and spent three years at the University of Pennsylvania, — 


th 1894 and 1895, ‘Mr. Heiges served as Rodman, ‘Transitman 
| on surveys for the Susquehanna Power Company, at Conewingo, Md. Beginning + 
> in the fall of 1895, he worked for the Wrought Iron Bridge Company, Canton, 
| Ohio, as Draftsman and, later, was Engineer on the construction of the 
overhead bridge at College Avenue, York, as well as on the e preliminary sur- 
veys and plans for a bridge across the Susquehanna River, ‘at York Furnace, | 
Pa., and on numerous smaller highway bridges. 
“te 1898, he was employed by the Norway Tron and Steel Company t to design 
and construct its plant | at York. From 1900 to 1904, , he served as ; City Drafts to 
of York and afterward became _ Superintendent Construction 


W. Ruch and Company, on “the building of a part of the 


- 1908 until his death, Mr. was engaged i in n private practice at 


York, during which time he specialized in in the design and construction of “a 
sewerage ‘systems and improved highways, besides carrying on a general e1 engi- ve 


oe : ‘During the World War he had charge of the « erection on of the e plant and build- - 
ings for the York Safe and Lock Company and, at the time of his death, was 
engaged j in planning bemnataetaneaed and in building a new plant for the — 


* Memoir prepared by . 
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MEMOIR OF THOMAS TYRRELL HEIGES 


Mr. identified with most municipal and major private 


improvements of the City of York for about twenty: years. _ He served two 
as: ‘County Surveyor, and was also. ‘connected the State 


Hei is survived by his wife, Mrs: ‘Grace (Goodling) : Heiges, and by several 


a was s elected an Associate Member of the yp eee Society of 
Civil Ruigineer’ on February 5, [ odd to 
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